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THE STARFISHES OF THE HAWAIIAN ISLANDS. 



By WALTER K. FISHER. 
Acting Instructor in Zoology, Leland Stanford Junior University. 



INTRODUCTION. 

The specimens upon which the following report is based were collected by the 
U. S. fisheries steamer Albatross among the Hawaiian Islands during the spring and 
summer of 1902. A small collection taken off the south coast of Oahu by the 
Albatross in 1891 has likewise been examined, and there must also be added a single 
example of " Goniodiscus" sebx> collected by Mr. H. W. Henshaw in the vicinity of 
Hilo, Hawaii. Altogether the collection numbers very nearly 1,650 specimens, 
and includes 60 species, of which 52 are new to science, 5 are for the first time 
recorded from the Hawaiian Islands, and 3 are too young or in too poor condition 
for naming. In other words, the Albatross took but 1 species that had been previously 
reported from the region. Ten species which had been recorded were not secured 
by the Albatross expedition. 

The present report may be considered a monographic account of Hawaiian 
starfishes which occur between the shore and the thousand-fathom line. In their 
proper places I have listed the 10 species already recorded from the islands which 
were not secured by the Albatross. It is certainly surprising that such forms as 
Archaster tyjricus, Gymnasteria carinifera, Asterina granulosa, Culcita arenosa, or 
Ildiaster multiradiata, all very shallow- water forms and usually occurring on shores 
or reefs, were not taken. The most important collecting grounds in the future 
will be the very shallow water near shore, on the windward sides of the islands. 
If hempen tangles are dragged over the bottom, undoubtedly other widely 
distributed species will be found. Coral reefs (not the exposed ones) should be 
most prolific. 

1 have included keys, and in a chapter at the end of the article have listed the 
principal technical terms; but the general naturalist will find, as a rule, that the 
figures of the whole animal are a quicker and surer means of identification. 
Unfortunately a number of the shallow-water species can not be figured. 

The arrangement of families in this report does not follow exactly that of any 
previous author, but in general may be said to be modeled after Sladen and Perrier 
as modified by Verrill. It is very difficult to arrange the socalled families of star- 
fishes satisfactorily in serial order, just as it is difficult in other groups. Thus, in 
placing the Luidiidse between the Astropectinidee and Pseudarchasteridse, it is not 
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meant that the family holds an intermediate position, because nothing could he much 
farther from the truth. But since the Luidiidae are a very specialized offshoot from 
the proastropectinoid stock, there is no other position for the group. Similar apolo- 
gies should be made for the Benthopectinidae and the Archasteridae. 

In the matter of the orders I have made a compromise between Sladen's and 
Perrier's and Verrill's modifications of these. Sladen's Phanerozonia is used in 
nearly the same sense in which he employed the term in the " Challenger Asteroidea." 
The Linckiidse, being phanerozoniate, are taken out of Sladen's Cryptozonia and 
placed in the Phanerozonia, in which order they undoubtedly belong ; while the 
Asterinidae (and Anseropodidae) being cryptozoniate, are removed from the 
Phanerozonia. I believe Perrier's arrangement of the cryptozoniate families under 
two orders (he has apparently abandoned the Velata) is rather more felicitous than 
that of Sladen under one large heterogeneous order (Cryptozonia), and I have con- 
sequently followed Perrier with small modifications. It must be remembered, how- 
ever, that there is a great difference of opinion concerning the extent of the orders 
of Asteroidea. Some writers follow Sladen and some Perrier. As pointed out 
recently by Professor Verrill (1899), Perrier's Paxillosaand Valvata (= Phanerozonia 
emended) are decidedly artificial groups. I do not go so far as Professor Verrill in 
considering them suborders, because unless some more fortunate grouping of families 
is devised, the difficulty is merely temporarily pigeon-holed. 

Returning to the families, it will be noted that 1 have followed Verrill in dismem- 
bering the great " family" of the Archasteridae. I have accepted most of VerriU's 
modifications and have raised the Pseudarchasterinae to family rank. I can not agree 
with Professor Verrill that the Pontasterinte constitute a subfamily of the Pluton- 
asteridee, but have relegated the group to the Benthopectinidae (=PararchasterinaB 
Sladen), a position more nearly in accord with the views of Sladen. The sequence 
of families is new so far as the Phanerozonia are concerned. The order starts with 
the more specialized paxillose forms, with very well developed superambulacral ossi- 
cles, and proceeds through those in which the paxillee are often rudimentary or 
reduced and the superambulacral plates not always present to those in which the lat- 
ter are alwaj r s absent. Then, beginning with the Mediasterinae, the transition 
is gradual toward forms with less paxilliform plates, to those with granular or smooth 
abactinal plates, and bivalved or foraminate pedicellariae; then to the skin-covered 
forms, with stellate or stellate-reticulate abactinal skeleton and low bivalved pedicel- 
lariae. The Linckiidae, though placed at the end, are in many respects distinctly 
related to some of the Goniasteridae. They often have excavate pedicellarite. The 
Gymnasteriidae are rather intermediate forms. In the Spinulosa and Forcipulata the 
sequence is practically that given by Perrier. The Velata are merged with the 
Spinulosa. In many respects the classification of the Asteroidea is difficult, especially 
on account of the number of more or less perfect transitional forms which render 
family boundaries extremely unstable. 

So far as I am aware there have been no special papers on Hawaiian starfishes. 
The few references are widely scattered and a number of records are given second 
hand, the original citation being unknown to me. A number of records are very 
incidental in mention, and it is probable that a few have escaped notice. A bibli- 
ography of papers quoted in the following report is appended. 
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The writer had the good fortune to be a member of the scientific staff during 
the expedition, and in case of most species made color notes while the animals were 
still fresh. Ridgway's "Nomenclature of Colors for Naturalists" was used. 

SYNOPSIS OF HAWAIIAN STARFISHES. 

[Those marked with an asterisk (*) were not taken by the Alhatrou expedition.] 

Order Phanerozonia Sladen. 

Family Astropectinidte Gray. 
Genus Astropecten Schulze. 

Astropecten polyacanthus Miiller and Troschel. 

Astropecten velitaris Von Martens. 

Astropecten ctenophorus, n. sp. 

Astropecten pusillulus, n. sp. 

Astropecten product us, n. sp. 

Astropecten callistus, n. sp. 
Genus Ctenophoraster n. 

Ctenophoraster hawaiiensis, n. sp. 
Genus Tritonaster n. 

Tritonaster craspedotus, n. sp. 
Genus Psilaster Sladen. 

Psilaster attenuates, n. sp. 
Genus Psilasteropsis n. 

Psilasteropsis cingulata, n. sp. 
Genus Dipsacaster Alcock. 

Dipsacaster nesiotes, n. sp. 
Genus Papagiaster n. 

Patagiaster nuttingi, n. sp. 
Family Luidiidte Verrill. 
Genus Luidia Forbes. 

Luidia hystrix, n. sp. 

Luidia magnifica, n. sp. 

Luidia brevispina Lutken.* 
Family Pseudarchasteridae Fisher. 
Genus Pseudarchaster Sladen. 

Pseudarchaster myobrachius, n. sp. 

Pseudarchaster jordani, n. sp. 
Family Benthopectinidae Verrill. 
Subfamily Pontasterinre Verrill. 
Genus Cheiraster Studer. 

Cheiraster snyderi, n. sp. 

Cheiraster horridus, n. sp. 

Cheiraster inops, n. sp. 



a 1 am indebted to Dr. Charles H. Gilbert, naturalist in charge of the Hawaiian explorations, and to Prof. A. E. Verrill. 
of Yale University, for advice in my work on this collection and assistance in the determination of difficult species, and 1 
desire to acknowledge my obligations also to Mr. Henry W. Fowler, of the Philadelphia Academy of Natural Sciences, and 
to Mr. Wilfred H. Osgood and Mr. Nelson H. Kent, of the U. S. Biological Survey, for copies of several original descrip- 
tions and photographs of three small specimens. 

F.C.B.1903,Pt.S— 15 



992 BULLETIN OF THE UNITED STATES FI8H COMMISSION. 

Order Phanerozonia Sladen — Continued. 
Family Archasteridre Viguier. 

Genus Arehaster Muller and Troschel. 

Archaster typicus Muller and Troschel.* 
Family Goniasteridae Forbes. 
Subfamily Mediasterinae Verrill. 
Genus Mediaster Stimpson. 

Mediaster ornatus, n. sp. 
Genus Nereidaster Verrill. 

Nereidaster bowersi, n. sp. 
Subfamily Goniasterinse Verrill. 
Genus Pentagonaster Gray. 

Pentagonaster ammophilus, n. sp. 
Genus Tosia Gray. 
Subgenus Plinthaster Verrill. 

Tosia (Plinthaster) ceramoidea, n. sp. 
Subgenus Ceramaster Verrill. 

Tosia (Ceramaster) micropelta, n. sp. 
Genus Astroceramus n. 

Astroceramus callimorphus, n. sp. 
Genus Calliderma Gray. 

Calliderma spectabilis, n. sp. 
Genus Calliaster Gray. 

Calliaster pedicellaris, n. sp. 
Genus Gilbertaster n. 

Gilbertaster anacanthus, n. sp. 
Subfamily Hippasteriinae Verrill. 
Genus Evoplosoma n. 

Evoplosoma forcipifera, n. sp. 
Subfamily Leptogonasterinae Perrier. 
Genus Antheniaster Verrill. 

Antheniaster epixanthus, n. sp. 
Subfamily Goniodiscidinae, new name. 
Genus Goniodiscides, new name. 

Goniodiscides sebae (Muller and Troschel). 
Family Pentacerotidas Gray. 
Genus Pentaceros Schulze. 

Pentaceros hawaiiensis, n. sp. 
Genus Nidorellia Gray. 

Nidorellia armata (Gray).* 
Genus Asterodiscus Gray. 

Asterodiscus tuberculosus, n. sp. 
Genus Culcita Agassiz. 

Culcita arenosa Perrier.* 



THE STARFISHES OF THE HAWAIIAN ISLANDS. 993 

Order Phanerozonia Sladen — Continued. 
Family Linckiidro Perrier. 

Genus Ophidiaster Agassiz. 

Ophidiaster lorioli, n. sp. 

squameus, n. sp. 
triseriatus, n. sp. 
sclerodennus, n. sp. 
tenellus, n. sp. 
rhabdotus, n. sp. 
Genus Leiaster Peters. 

Leiaster callipeplus, n. sp. 
Genus Linckia Nardo. 

Linckia diplax (Muller and Troschel). 
multifont (Lamarck).* 
Genus Nardoa Gray. 

Nardoa regyptiaca (Gray).* 
Family Gymnasteriidse Perrier. 
Genus Gymnasteria Gray. 

Gymnasteria carinifera (Lamarck).* 
Order Spinulosa Perrier. \ 

Family Asterinidee Gray. 
Genus Asterina Nardo. 

Asterina granulosa Perrier.* 
Family Anseropodidra n. 

Genus Anseropoda Nardo. 

Anseropoda insignis, n. sp. 
Family Echinasterid® Verrill. 
Subfamily Echinasterinee Viguier. 
Genus Henricia Gray. 

Henricia robusta, n. sp. 
Henricia pauperrima, n. sp. 
Genus Echinaster Muller and Troschel. 
Echinaster, sp. 
Subfamily Valvasterina3 Viguier. 
Genus Valvaster Perrier. 

Valvaster striatus (Lamarck). 
Family Mithrodiidee Perrier. 
Genus Mithrodia Gray. 

Mithrodia bradleyi Verrill. 
Fumily Myxasteridre Perrier. 
Genus Asthenactis, n. 

Asthenactis papyraceus, n. sp. 
Family Pterasteridre Perrier. 

Genus Pteraster Muller and Troschel. 
Pteraster reticulatus, n. sp. 
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Order Spinulosa Ptrrier— Continued. 

Family PterasteriJa* Perrier — Continued. 
Genus Hymenastep Wy ville Thomson. 
Ifymenaster pentagonalis. n. sp. 
Genus Benthaster Sladen. 

Benthaster eritimus, n. sp. 
Order Forcipulata Perrier. 

Family Zoroasteridae Sladen. 

Genus Zoroaster Wyville Thomson. 
Zoroaster spinuloses n. sp. 
Family Heliasterida* Viguier. 
Genus Heliaster Gray. 

Heliaster multiradiata (Gray).* 
Family Asteriida? Gray. 

Genus Coscinasterias Verrill. 
Subgenus Distolasterias Perrier. 

Coscinasterias (Distolasterias) euplecta, n. sp. 
Genus Hydrasterias Sladen. 
Hydrasterias verrilli, n. sp. 
Family Brisingida? Sars. 
Genus Odinia Perrier. 

Odinia paeifica, n. sp. 
Brisinga Asbjarnsen. 
Brisinga panopla, n. sp. 
Brisinga alberti, n. sp. 
Brisinga evermanni, n. sp. 
Brisinga fnigilis, n. sp. 

There is proposed to replace Goniodi$cus % which is untenable, the new generic 
name Gwiiodtscide*, type G. *eh& (M filler and Troschel). See p. — . 

One new familj' is established, Anseropodida?, which equals the Palmipedina?. 
The new name Goniodiscidinae is proposed to replace Goniodiscina\ on account of 
change of Goruodiscus. 

Species for the first time recorded from the Hawaiian Group are Astropecteu 
poly acanthus, Goniodiscides seb&, Astropccten velitaris, Linekia dij>fa*, Vat vaster 
striatus. 

Qne previous^ reported species was taken by the Albatross, Mithrodia bradleyi 
(sub nomine clavigera). 

Species recorded from the Hawaiian Islands but not taken by the Albatross are 
listed below: 

Luidia brevispina Linekia multifora 

Archaster typicus Nardoa negyptiaea 

Nidorellia armata Gyninasteria carinifera 

Culcita arenosa Asterina granulosa 

Ophidiaster pusillus (?) Heliaster multiradiata 

From these lists it will be readily seen that previous to the expedition of 1902 
• only 11 starfishes (so far as I have been able to learn) were known from the region 
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and that the Albatross added nearly 5 times that number of species which are either 
new or constitute new records. 

Although dredging in Hawaiian waters proved to be an undertaking which pre- 
sented unusual difficulties, it is safe to say that no other area of similar extent has 
been so thoroughly developed or has yielded better results. With certain excep- 
tions, the sea bottom, especially in the lesser depths, is very uneven and rough; 
during the progress of the work it frequently happened that when a haul was nearly 
successfully completed the gear would catch on some obstruction on the bottom, 
and a large part or the whole contents of the trawl would be lost. Off the north 
coast of Maui, however, and in certain restricted areas in the Pailolo Channel between 
Maui and Molokai good dredging was afforded, and it was in this general region 
that many of the novelties were taken. 

List of "Albatross" dredging stations at which starfishes were secured, with the species taken at each. 



Sta- 
tion. 



8810 
3813 
3817 
3824 

3828 
3834 
3835 

3836 

3838 
3847 
3848 
8849 

3850 

3857 



3861 
3865 



3867 

3868 
3871 

3872 



Locality. 



South coast of Oahu Island . .. 

do 

do 

South coast of Molokai Island. 



.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 



....do 

Pailolo Channel between Maui 

and Molokai islands and 

northeast approach. 

do 

....do 

....do 



.do. 



Northeast approach to Pailolo 

Channel. 

....do 

Auau Channel, between Maui 

and Lanai islands. 
.....do 



3875 ! do 

3876 , do 

3883 | Pailolo Channel, between Maui 
and Molokai islands. 
...do 



3884 ' 

3885 

3887 
3892 



3909 
3910 



3911 
3914 



3917 
3918 



3920 



.do. 



North coast of Molokai Island . . 

do 

South coast of Oahu Island 



.do. 
.do. 

.do. 

.do. 

.do. 
.do. 
.do. 

.do. 
.do. 



Depth. 



Fathoms. 

211- 53 

264-183 

320 

222-498 

319-281 
Shore. 
169-182 

238-255 
92-212 
23-24 
43- 78 
73-43 

43- 66 
127-128 



188-140 

30-52 

256-283 



Nature of bottom. 



Fine coral sand 

Coral sand, lava specks, shells. 
Coarse lava, coral sand, shells. 
Coral rocks, broken shells 



Broken shells, gravel. . . 

Coral reef 

Fine brown sand, mud. 



Brownish-gray mud and sand.. 

Fine grayish brown sand 

Sand, stones 

Sand, gravel 

Coarse sand, broken shells, 
coral. 

do 

Fine sand, yellow mud 



Fine sand and mud 

Fine sand, small pebbles, coral. 
Fine volcanic sand, rocks 



283-284 Gray mud, fine sand . 
284-290 Fine sand and mud . . 



Fine gray sand, rocks . 
Fine white sand 



294-684 
13-43 



43-32 



65- 34 

28- 43 

277-284 

284-290 

136-148 
552-809 
32S-414 
804-308 

308-322 
311-337 

837-334 

289-292 

299-330 
330-294 
294-267 

257-220 



Yellow sand, pebbles, coral 



Fine gray sand . . . 
Sand and gravel . 
Globigerina ooze . 

Globigerlna mud . 



Sand, pebbles 

Globigerina mud 

Fine gray sand 

Fine white sand and mud. 



.do. 



Fine gray sand and mud. 
....do 



Gray sand and mud . 



....do 

....do 

White sand, mud. 



Gray sand . 



280-265 Gray sand, broken shells. 



Species. 



Astropecten callistus. 
Antheniaster epixanthus. 
Brisinga fragilis. 
Psilasteropsis cingulata, Benthaater 

eritimus, Brisinga fragilis. 
Odinia pacifica, Brisinga panopla. 
Ophidiaster lorioli. 
Astropecten callistus, Anseropoda in- 

signis, Coscinasterias euplecta. 
Patagiaster nuttingi. 
Calliderma spec Ui bills. 
Mithrodia bradleyi. 
Linckia diplax. 
Astropecten velitaris, Luidia magnifl- 

ca. Pentaceros hawaiienais. 
Pentaceros hawaiiensis. 
Astroceramus callimorphus. 



Coscinasterias euplecta. 

Luidia hystrix. 

Astropecten pusillulus, Pallaster atten- 
uate, Cheiraster lnops, Tosla cera- 
moidea, Brisinga fragilis. 

Psilaster attenuatus, Dipsacaster nesi- 
otes. 

Psilaster attenuatus, Dipsacaster nesi- 
otes, Pteraster reticulatus. 

Dipsacaster nesiotes, Cheiraster inops. 

Mithrodia bradleyi. 

Pentaceros hawaiiensis, Leiaster calli- 
peplus, Linckia diplax. Mithrodia 
bradleyi. 

Leiaster callipeplus. 

Luidia hystrix, Mithrodia bradleyi. 

Psilaster attenuatus, Tosia ceramoidea. 

Psilaster attenuatus, Dipsacaster nesi- 
otes. 

Coscinasterias euplecta. 

Psilasteropsis cingulata. 

Zoroaster spinulosus, Brisinga fragilis. 

Psilaster attenuatus, Dipsacaster nesi- 
otes. 

Psilaster attenuatus. 

Psilaster attenuatus, Dipsacaster nesi- 
otes, Brisinga fragilis. 

Psilaster attenuatus. Hymenaster pen- 
tagonalis. 

Tritonaster craspedotus, Hymenaster 
pentagonalis, Brisinga fragilis. 

Psilaster attenuatus. 
Do. 

Astropecten pusillulus, Psilaster at- 
tenuatus, Tritonaster craspedotus. 

Tritonaster craspedotus, Patagiaster 
nuttingi, Pentagonaster ammo- 
philus. 

Brisinga fragilis. 
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List of "Albatross" dredging stations at which starfishes were secured, with the species taken at each — Cont'd. 



Locality. 




Nature of bottom. 



Species. 



8975 
8978 
8981 | 
3982 
8987 



8997 

8998 
4007 



do. 

do. 

do. 

do. 

do. 

Necker Island shoal 

Vicinity of Bird Island. .. 
Vicinity of Kauai Island . 

do 

....do 



.do. 

.do. 

.do. 
.do. 
.do. 



4019 do. 

4021 do. 

4022 ' do. 

.do. 



4023 

i 

4024 
4027 
4028 



4031 

4032 
4034 
4041 

4044 



4045 

4046 
4048 
4055 

4062 

4064 
4066 

4072 
4074 
4075 
4077 

4079 



.do. 
.do. 
.do. 



Penguin Bank, off south coast 
Oahu * " * 



.do. 
.do. 



i Island. 



West coast Hawaii Island . 
do 



.do. 



.do. 
.do. 



r 



Northeast coast Hawaii Island 

(HiloBay).- 
Northeast coast Hawaii Island. 



4080 
4081 

4082 

4083 

4084 

4085 
4086 
4087 
4088 
4089 
4090 

4091 



.do. 



Aleunihana Channel, between 
Hawaii and Maui islands. 

North coast of Maui island 

do 

do . 

do 



.do. 

.do. 
.do. 

.do. 

.do. 

.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 



Fathoms. 
57-79 

130-148 

148- 63 

69- 70 

220-173 

10- 19 

16-171 

32-46 

686-414 

283-40 

55-50 

400-600 



427-676 
418-129 



508-657 
550-409 



899-874 
18-41 

24- 43 

319 

444-478 



27-28 



27-29 
28- 14 



233-198 



198-147 

147- 71 

874 

50-62 

83-113 

68-107 

176- 49 
56-^9 
78-TJ5 
49- 57 
99-106 

148-178 



179-202 
202-220 



258-267 

267-283 
283-308 
308-306 
806-297 
297-304 
304-308 

308-306 



White sand, 

coralline. 
White sand, small shells 
White sand, broken shells 

....do. 

Fine white sand 

Sand, shells, coral , 

Coarse sand, coral, shells , 

Coral, sand, foraminif era, rocks 

Globigerina oose 

Coarse brown coral sand, shells, j 
Coarse coral sand, coral frag- 
ments. 
Fine gray sand, mud 



Fine gray sand, rocks . 



Fine gray sand, brown mud. . . . 

Coarse brown coral sand, 

shells, rocks. 
Gray sand, foramlnifera 



Gray sand, rocks, foramlnifera. 

Coral sand, foraminif era 

Coral sand, rocks, foramlnifera. 
Gray sand, foramlnifera, coral, 

rocks. 
Coarse coral sand, foramlnifera. 

Fine gray sand, rocks 

Gray sand, globigerina 



Corals fine coral sand, foraml- 
nifera. 
Fine coral sand, foramlnifera.. 

do 

Gray mud, foramlnifera 



Fine gray sand . 



Coral sand, foramlnifera . 



do 

Fine gray sand, rocks , 

Fine gray sand, foramlnifera... 

Coral, volcanic sand, shells, 

foramlnifera. 
Volcanic sand, foramlnifera, 

coral. 

Rocky 

Coarse coral sand, foramlnifera. 

Coral sand, foramlnifera 

Fine gray sand, foramlnifera. . . 
Fine coral sand, foramlnifera.. 

Gray sand, foraminifera 



.do. 
.do. 



Gray sand . 



.do. 



Fine gray sand. 



Sand, shells .... 

do ..a 

Fine gray sand. 

do 

....do 

....do 



.do. 



Ctenophoraster hawaiiensis. 

Astropecten ctenophorus. 
Calliderma spectabilis. 
AsterodiMCUs tuberculosus. 
Astropecten call 1st us. 
Mithrodia bradleyi. 

Do. 

Do. 
Chei raster snyderi. 
Ophidiaster rhabdotus. 
Luldia hystrix. 

Odlnia pacific*. Brislnga panopla, 
Brisinga alberti, Brisinga sand- 
wich ends. 

Psilasteropsis cingulata, Cheiraster 
snyderi, Pseuaarchaster myo 
brachlus. 

Psilasteropsis cingulata. Cheiraster 
snyderi, Med taster ornatus. 

Cheiraster snyderi. 

Cheiraster snyderi, Zoroaster spinu- 

losus. 
Mediaster ornatus. 

Do. 

Do. 
Ophidiaster squameus. 

Mithrodia bradleyi. 

Psilasteropsis cingulata, Pseudarch- 
aster myobrachius, Mediaster orna- 
tus. 

Astropecten velitaris, Luidla hystrix. 

Luidia hystrix. 

Luidla hystrix, Mithrodia bradleyi. 

Gilbertaster an acanthus, Brisinga 

fragilis. 
Astropecten pusillulus, Astropecten 

calllstus, Patagiaster nuttingi, Hen- 

ricia pauperrima. 
Astropecten calllstus, Coscinasterias 

euplecta. 
Mithrodia bradleyi. 
Astropecten pusillulus. 
Astropecten velitaris. 

Mithrodia bradleyi, Coscinasterias eu- 
plecta. 
Coscinasterias euplecta. 

Do. 

Pentaceros hawaiiensis. 

Calliderma spectabilis. 

Pentaceros hawaiiensis. 

Calliderma spectabilis, Ophidiaster 
sclerodermus. 

Astropecten calllstus, Cheiraster horri- 
dus, Calliderma spectabilis, Coscinas- 
terias euplecta. 

Astropecten calllstus, Antheniaster 
epixanthus. 

Astropecten pusillulus, Pentagonaster 
ammophilus, Antheniaster epixan- 
thus. 

Astropecten pusillulus, Patagiaster 
nuttingi, Pentagonaster ammophi- 
lus, Tosia ceramoidea, Antheniaster 
epixanthus. 

Astropecten pusillulus, Patagiaster 
nuttingi, Pentagonaster ammophi- 
lus. 

Astropecten pusillulus, Antheniaster 
epixanthus. 

Astropecten pusillulus. 

Psilaster attenuatus. 
Do. 
Do. 
Do. 

Psilaster attenuatus, Hymenaster pen- 
tagonal^, Brisinga fragilis. 

Psilaster attenuatus, Brisinga fragilis. 
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List of "Albatross" dredging stations at which starfishes were secured, with the species taken at each — Cont'd. 



Sta-I 
tion. 1 



Locality. 



4096 

4096 

4098 
4100 

4101 
4102 |. 
4112 j 

4114 j 

4115 ;. 

4116 . 
4123 I 

4128 



NE. approach to Pailolo Chan- 
nel between Maui and Molo- 
kai islands. 

do . 



North coast of Maui Island . 



Pailolo Channel between Maul 
and Molokai islands. 



.do. 
.do. 



Kaiwi Channel between Molo- 
kai and Oahu islands. 
Northwest coast of Oahu Island. 
do 



.do. 



Southwest coast of Oahu Island . 
Vicinity of Kauai Island 



4131 ! do. 



.do. 
.do. 
.do. 
.do. 



Vicinity of Bird Island . 

do.. 

do 

do 



4132 
4134 i 
4139 
4141 

4146 I 

4147 I 
4149 i 
4151 I 

4157 | 

4158 I 
4159 

4160 . 
4162 

4163 , 

4164 | 



4166 j do. 

4168 do. 



.do. 

.do. 
.do. 

.do. 
.do. 
.do. 
.do. 



4169 do 

4170 do 

4177 | Vicinity of Niihau Island . 

4178 do 

4186 ! East of Kauai Island 



Depth. 



Fathoms. 
290-286 



272-286 

96-152 
130-151 

143-122 

122-132 

447-133 

154-195 
195-241 

241-282 
352-367 

68-90 

309-257 
257-312 
324-226 
612-339 
437-632 

23-26 
26 

38-71 
800-313 

762-1000 

20-30 
80-31 

81-39 
21-24 
24-40 
40-66 

293-800 
20-21 

21-22 
26-27 
451-319 
319-878 



Nature of bottom. 



Specie*. 



"I" 



Brown mud, fine sand, globige- 
rina. 



Fine gray sand 

Coral sand, foraminifera, rocks. 

Coarse sand, shells, foraminif- 
era. 



.....do 

....do 

Fine sand . 



Coral sand, foraminifera. 
....do 



....do 

Fine gray sand, mud. 



Coarse brown coral sand, fo- 
raminifera. 

Fine gray sand 

Fine gray Band, mud I 

Fine coral and volcanic sand . . 

Fine gray sand, rocks 

Volcanic sand, foraminifera ... 

Coarse coral sand, foraminifera. 

Coral, coralline 

do 

Fine coral sand, foraminifera, 
stones. 

White mud, foraminifera, 
rocks. 

Coral, coralline 

Coarse coral sand, broken shells, 
foraminifera. 

Coral, coralline 

Coral 

do 

Coral sand, pebbles, shells 



Coral sand, foraminifera, rocks. 
Coral sand, foraminifera 



Coral 

Coral sand, foraminifera . . 

Gray sand, globigerina 

Coral sand, rocks, pebbles. 
Gray sand, foraminifera. . . 



Psilaster attenuatus. 



Astropecten puslllulus, Psilaster at- 
tenuatus, Tosiaceramoidea, Brisinga 
fragilis. 

Calliderma spectabilis. 

Calllaster pedicellaris, Ophidiaster 

squameus, Ophidiaster tenellus, 

Coscinasterlas euplecta. 
Astropecten productus, Anseropoda 

insignis, Cosclnasterias euplecta. 
Astropecten productus, Calliderma 

spectabilis. 
Zoroaster spinuloeus. 

Astropecten callistus. 

Patagiaster nuttingi, Antheniaster 

eplxanthus, Henrlcla robusta. 
Astropecten pusillulus. 
Psilasteropsls clngulata, Patagiaster 

nuttingi, Mediaster ornatus. 
Asterodi8cus tuberculosis, Lei aster 

callipeplus, Ophidiaster triseriatus. 
Brisinga fragilis. 
Nereidaster bowers! . 

Do. 
Zoroaster spinulosus. 
Mediaster ornatus. 
Mithrodia bradleyi. 
Mlthrodia bradleyi (aberrant). 
Lelaster callipeplus. 
Tosia micropelta. 

Asthenactis papyraceus. 

Mithrodia bradleyi (aberrant). 
Mithrodia bradleyi 

Do. 

Do. 

Do. 
Lelaster callipeplus, Mithrodia brad- 
leyi. 
Henricia pauperrima, Brisinga fragili*. 
Astropecten polyacanthus, Luidia 

hystrix. 
Mithrodia bradleyi. 

Do. 
Brisinga panopla, Brisinga alberti. 
Brisinga panopla. 
Evoplosoma forcipifera. 



RELATIONSHIPS OF THE HAWAIIAN STARFISH FAUNA- 

The Hawaiian Islands are of peculiar interest to a student of distribution, from 
the fact that they occupy such an isolated position and because they are surrounded 
on all sides by very deep water. Since the islands constitute a great mountain range 
rising from abyssmal depths, the sedentary and sluggish creatures that live at or near 
the top of this plateau occupy a position somewhat analogous to that of an alpine 
fauna on an equally isolated mountain range of some continent. Of course the great 
depths do not afford perfect barriers, since the larvae of most marine invertebrates 
are swept about by ocean currents. With reference to the starfishes alone, it would 
appear that those forms which live at the shore or in very shallow water are slower 
to change under segregation than the species which dwell at a moderate or consid- 
erable depth. Or it may be that the latter is an older fauna, for it is true that every 
species is peculiar to the region. A number of shallow-water forms also are peculiar, 
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and I suspect with a good series of specimens for comparison neariy every littoral 
Hawaiian species would show small but constant differences. 

The shore and shallow-water species of starfishes are all tropical forms, and those 
which are not peculiar to the group are derived from at least two distinct regions. 
We have first a group of species comprising very wide ranging forms, some of them 
extending from the Red Sea to China and Japan, and thence to Australia. In this 
group of ten species all but three occur in the Indian Ocean, and five range into the 
Red Sea. All extend at least to the eastern archipelago. Most of these forms are 
characteristic "South Sea" types. The other group comprises but five species and 
is derived from the coast of Mexico, Central America, and northern South America. 
The following tables detail these forms. 

Species common to the Hawaiian Islands and to the Eastern Archipelago, Indian Ocean, Jajxin, Polynesia 

or Australia. 



Species. 



Astropecten polyacanthus 

Astropecten velitaris 

Archaster typlcus 

Goniodlscldes setae 

Culcitaarenosa* 

Linckia diplax 

Llnckla multifont b 

Nardoa egyptiaca b 

Gymnasteria cariniferab . 
Valvaster striatus 



Locality. 



Red Sea, Mauritius, Ceylon, Andaman Island, Port Jackson, Australia, New Zealand, China, 

Japan, Admiralty and Fiji Islands. 
China Sea, Amboina, Northwest Australia, Admiralty Islands. 
Eastern Archipelago, Pelew Island, Port Darwin, Port Easing ton, Cape Grenville, Port Deni- 

son, New Caledonia, Fiji, Samoa a, and Tonga islands, Nicobar Islands, Andaman Islands, 

Mergui. 
Red Sea, Mauritius, Madagascar, Ceylon, Eastern Archipelago, Fiji Islands, New Guinea, 

Amboina. 
Amboina. 

Mauritius, Madagascar, Isle de Bourbon, Christmas Island, New Caledonia, Fiji and Tonga 
islands. 
Red Sea, Mozambique, Mauritius, Ceylon, Larentuka, Celebes, Amboina, New Caledonia, 

Fiji, and Samoa. 
Red Sea, Mauritius, Bourbon, Samoa and Fiji islands. 

Red Sea, Mauritius, Ceylon, Eastern Archipelago, New Caledonia, Fiji Islands, Panama (?). 
Mauritius. 



a Collected in Samoa in 1902 by D. S. Jordan and V. L. Kellogg. 
b Specimens from the Hawaiian Islands not seen by the writer. 

Species common to the Hawaiian Islands and to the vest coast of America a. 



Species. 



Luidia brevispina 

Nidorellia armata 

Gvmnasteria carinifera 

Mithrodia bradleyi 

Heliaster multiradiata . 



Locality. 



Mazatlan, Mexico. 

West coast of Mexico, Central America, south to Ecuador and the Galapagos Inlands 

Panama i?). 

Lower California to Panama. 

Lower California, Mexico, to Galapagos Islands. 



Turning now to the species which are, so far as known, peculiar to the Hawaiian 
group, both shallow and deep water forms, we find that a number have related 
species in Japanese and Chinese waters, or in the Eastern Archipelago, as detailed 
in the following table: 

« Only in the case of Mithrodia bradleyi have these species been directly verified. The Panama record of Qymnatteria 
i* very doubtful. Ives records Archarter tyvicus from Mulege Bay, Lower California (Proc. Phil. Acad. Sci., 1889, p. 175). 
I have doubts concerning the correctness oi the label. 
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Species peculiar to the Hawaiian Islands, which have nearly related species in Japan, China, or in the 

Eastern Archipelago. 



Hawaiian specie 



Corresponding species. 



Locality. 



Lviidla hystrix Luidia aspera Samboagan and Tab] as Island, Philippine 

i group; north of Admiralty Island; 10 to 
I 160 fathoms. 

Luidia magnifica Luidia maculata. [Luidia aspera, also.] . . . , Japan, Manila, Coromandel, Java, Mergui, 

i Ceylon, Mozambique. 

Calliderma spec tAbi lis Calliderma emma : Japan. 

Calliaster pedicellaris Calllaster children! a i Do. 

Asterodiscus tuberculosa , Asterodiscus elegant Philippine Wands; northeast China. 

Pentacero* hawaiiensls f Pentaceros oriental!* China. 

rentaceros nawanensis fpentaceros troscheli j Billiton. 

i*«»nth«atj»r »Htimn« J Benthaater penicillatus , North of New Guinea. 

jsentnaster entrants \Benthaster wy ville-thomsoni North Pacific, between Hawaii and Japan. 



a Relationship not very close. 

Still another set of forms appears to have been derived from the Indian Ocean, 
or at all events to show a marked resemblance to Indian species. Probably if a 
direct comparison of specimens could be made, this list would be considerably aug- 
mented. 

Species jwculiar to the Hawaiian Islands which hate nearly related species in the Indian Ocean. 



Hawaiian species. 


Corresponding species. 


Locality. 


Luidia magnifica 


Luidia maculata 


Mozambique, Madras, Ceylon, 


Dlpsacaster nesiotes 


Dlpsacaster sladeni 


Java, etc., littoral. 
Andaman Sea, 250 fathoms. 


Pseudarchaster Jordan! 


Pseudarchaster mozaicus 


Indian Ocean, 200 fathoms. 


Mediaster ornatus 


Medlaster florifer ( Alcock) 

Antheniaster sarima 


Andaman Sea, 130 to 260 fathoms. 


Antheniaster epixanthus 


Do. 


Ophidiaster lorioli OnhidJaster robillardi 


Mauritius, littoral. 


Ophidiaster squameus 


Ophidiaster purpureus (?) 

LeiMter glaber , . 


Mauritius, Seychelles. 
Querimba Island, littoral. 
Mauritius, littoral. 


Leiaster calllpeplus 


Echinastersp 


Echinaster sladeni 









Considering these species in conjunction with those actually common to both 
areas, we are at once struck by the fact that the Hawaiian fauna bears more resem- 
blance to that of the distant Indian region than it does to the fauna of America, not- 
withstanding that all the ocean currents which pass the Hawaiian Islands are coming 
from America and not from the west. Ocean currents are almost without doubt 
responsible for the gradual dispersal of echinoderm species, on account of the pelagic 
larvae. It is interesting, therefore, to examine the ocean currents in connection with 
the apparent relationships of the Hawaiian starfish fauna. 

During the southwest monsoon currents set northwest toward the equator in the 
Indian Ocean from the vicinity of Mauritius and the coast of Africa, thence pass 
east toward Ceylon, receiving an eastward current from the jjrulf of Aden; or, turning 
more abruptly, flow eastward between the equator and 10° north latitude. These 
currents, passing the Bay of Bengal, meet a reverse current from the Strait of 
Malacca, but pass south of Sumatra through Sunda Strait, thence northeast between 
Borneo and Cochin China past the Philippines and Japan, where the stream is 
known as the Kuro Siwo. South of the Philippines and north of the Celebes a 
counter-equatorial current sets eastward in 5° north latitude, passing south of the 
Caroline and Marshall islands and north of the main, west-flowing, equatorial cur- 
rent. The countercurrent reaches the coast of Central America and is reflected 
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westward in latitude 10° north, along with a south-flowing current from the coast of 
North America. The currents which pass the Hawaiian Islands are consequently 
flowing westward and are derived from the counter-equatorial current and from 
North America. A branch of the Kuro Siwo sets southeastward from north latitude 
35° to 40° toward the Hawaiian Islands, but apparently does not reach them. 

During the southeast monsoon the currents are nearly reversed in the Indian 
Ocean, a stream (42 to 66 knots per 24 hours) setting directly eastward from the 
Seychelles, south latitude 5°, to the coast of Sumatra, but there is a west current 
in Sunda Strait and an eastward current along the north coast of Java.. 

Consequently if we think of the Indian Ocean as the center of dispersal for this 
fauna, about the only conceivable way in which the species could reach the Hawaiian 
Islands is by means of the counter equatorial, which is an insignificant stream 
when compared with the great west flowing equatorial. Yet all the currents setting 
from America have sufficed to bring only five species and these are by no means 
cleared of doubt. 

Of course there is no a priori reason for considering the Indian the original 
fauna. The center of dispersal may have been farther eastward. In the case of 
Vahaster striatus it is a long cry from Mauritius to Hawaii, with no intermediate 
records. The similarity of such a rare type as the Calliderma of Japan with that 
of Hawaii is interesting. The genus, being an old one, is probably widespread, 
and a number of intermediate forms may remain to be discovered. If the Philippine 
group and a number of others along the path of the principal ocean currents were 
as thoroughly worked as the Hawaiian Islands, we would have a far more satisfactory 
basis for comparison. The Challenger made at most but 20 hauls in which 
starfish were captured, in the Eastern Archipelago, while in the limited area of the 
Hawaiian Islands the Albatross made 123. The results of the Siboga expedition 
may be looked forward to with interest. 

Certain Hawaiian species show relationships with Atlantic forms, others with 
Australian and southern South American species. These are detailed in the following 
table: 

Species peculiar to the Hawaiian Islands and tfte apparently nearest relatives of those species (other than Indian 

Ocean and Eastern forms. ) 



Hawaiian species. 



Astro pecten ctenophorus 

Psilaster attenuates 



Psilasteropsis cingulata . 
Chei raster inops 



Pseudarchaster myobrachlus 

Pseudarchaster jordani 

Tosia ceramoidea 

Anseropoda insignis 

Henricia robusta 



Henricia pauperrlma. 
Pteraster reticulatus . 



Related species. 



Astropecten pectinatus. . . 

Psilaster acuminatus 

Psilasteropsis patagiatus . 
Cheiraster planeta 



Pseudarchaster tesseilatus. 



.do. 



Tosia nitida; Tosia compta. 

Anseropoda placenta 

Cribrella obesa 



Cribrella compacta 

Pteraster semireticulatus. 



South Pacific. 



Southern 
ocean. 



Atlantic. 



I 



Southeast of Austra- 
lia; Port Philip. | | 

East of Australia; west Simons Bay , Cape of Good 

of New Zealand. | i Hope. 

I I Off Cape Verde Islands. 

West of South Amer- ' 



ica (entrance to j 
Straits of Magellan ) . , 



Off New Zealand . 



I 



. Simons Bay, Cape of Good 
I Hope. 
Do. 
. I West Indies. 
Coast of Europe. 
Falkland Islands, Straits 
of Magellan. 



Hymcnaster pentagonal is . . . , Hymenaster carnosus ' West of South America 



Off Marion 
Island. 
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A few species stand alone, apparentl}\ I have not been able to find any very 
close relatives. a Such are — 

Astropecten pusillulus Ophidiaster sclerodermic 

Astropecten productus Ophidiaster tenellus 

Ctenophoraster hawaiiensis Asthenactis papyraceus (related to 

Gilbertaster anacanthus Myxaster of Atlantic) . 
Evoplosoma forcipifera 

DESCRIPTION OF HAWAIIAN ASTEROIDEA. 

SYNOPSIS OF THE FAMILIES. 

a. Marginal plates usually large and conspicuous in the adult, defining the contour of body. Papulre 
restricted to abactinal area (except in Linckiida?) circumscribed by the superomarginal plates. 
Ambulacral plates well spaced and broad. Mouth plates prominent. Actinostomal ring with 
adambulacral plates prominent. Pedicellariae when present epiniform, pectinate, valvate, or 
excavate. 
6. Abactinal skeleton composed of true columnar paxilUe or paxilliform plates. Tegumentary 
developments usually spiniform. Primary apical plates usually not discernible. (See also 
bb-c-d.) Pedicellarire when present spiniform or pectinate, never bivalved or excavate, 
c. Superambulacral plates usually present; if absent, the marginal plates alternate and spiny. 
(In dd.) 
d. At least the inferomarginal plates well developed; plates of the 2 marginal series opposite, 
not regularly alternate. 
e. Fasciolar grooves between marginal plates usually well developed; paxilke typical; median 
radial paxillse smaller than those along sides of area. Anal aperture small or wanting 
(well developed in Dipmcaster) . 

/. Both series of marginal plates present Astropbctixim: 

ff. Superomarginal plates aborted, represented by a series of paxillae Luidiidje 

ee. Fasciolar grooves obsolete; median radial pax ill* larger than those along sides of area; 

papulae not extending beyond middle of ray Pseudarchasterid^e 

dd. Plates of the 2 marginal series alternate, usually very spiny. An odd spiniferous interradial 
plate present in both marginal series in one genus (not Hawaiian). Papula? confined to 
limited area at base of ray, often to a special papular organ. Pedicellaritt, when present, 

pectinate Benthopectinid^e 

cc. Superambulacral plates absent. Medioradial series of pax il Ire conspicuously larger than the 
others. Marginal plates opposite. Spiniform pedicel iarise often present. Superficially 

astropectinoid Archasteridje (restricted) 

bb. Abactinal skeleton not composed of true paxillse or paxilliform plates except in Mediasterinse, 

when bivalved or 2-jawed upright pedicellariee are present. Primary apical plates usually 

readily discernible. Tegumentary developments usually granuliform, although in the 

Mediasterinae the abactinal plates may have well-developed spinelets. In addition to 

granules the plates may bear specialized spines and tubercles. Pedicellariae valvate, excavate, 

or foraminate. 

c. Actinal interradial areas large. 

d. Abactinal skeleton composed of polygonal or circular (occasionally stellate) plates which may 

or may not be united by separate internal radiating ossicles. The plates may bear 

a central tabulum, paxilliform in appearance, or may be simply flat and covered with 

granules or naked. In some genera the abactinal plates bear a central spine or tubercle. 

or several. Papuhe usually confined to the abactinal radial areas. The plates may also 

be obscured by a tough skin which is superficially smooth (Leptogonasterinse) or covered 

with granules (Goniodiseidime) Goniasteridje 



a One great difficulty is a lack of figures and the poor descriptions of many East Indian forms. 
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dd. Abactinal skeleton stellato-reticulate, the papulae usually numerous and in definite area.* 
(except in Asterodiscus) . Marginal plates sometimes superficially hidden. Abactinal 
plates often with large conical tubercles Pentacerotid.k 

ddd. Abactinal skeleton tessellate; the plates often irregular and only partially contingent, the 
whole covered with a thick, leathery, skin. Flexible. Marginal plates inconspicuous, 

GYMNA8TEHIID.F 

cc. Actinal interradial areas small. Superambulacral plates usually present. Pedicellarne, when 
present, excavate. Abactinal skeleton tessellate, arranged irregularly or in more or less 
regular longitudinal series, with intra- and often infra-marginal papulae. Rays usually 

slender, long, and subcylindrical Linckiid jf. 

aa. Marginal plates small and inconspicuous. Papulae not always confined to area circumscribed by 
the superomarginal plates, but often present between the marginal plates and on the actinal 
surface. Ambulacrai plates may be crowded or not. 
b. Actinostomial ring with adambulacral plates prominent Ambulacrai plates not crowded. 
Abactinal skeleton composed of thin, close-set overlapping plates, or forming a more or lest* 
open reticulate network, either regular or irregular. In one family the abactinal plates are 
cruciform, with long paxillar spines supporting a supradorsal membrane. Pedicellariae very 
rare, never pedunculate or excavate. Tube feet biserial. 
c. Mouth plates small, ambulacrai groove narrow. Spines not conspicuously long and slender, or 
supporting a supradorsal membrane. 
d. Abactinal skeleton is formed of closely imbricating plates bearing small spines. Actinal 
skeleton formed of imbricating plates bearing a tuft or fan of spinelets. Marginal plates 
minute. 
e. Papulae distributed throughout the abactinal area. Abactinal plates thick, crescentiform, 

devoid of internal processes Asterinid^e 

ee. Papulae confined to the radial regions. Abactinal plates in the median regions stellate. 
Abactinal plates thin, scale-like, with elongate internal prolongations. General form 

very thin and flat Anseropoihd-e 

dd. Abactinal skeleton formed of plates disposed in longitudinal and transverse series, or in an 
irregular network, bearing spinelets; spinelets not disposed in a tuft or fan. 
e. Spinelets small, pointed, naked, or covered with a thin skin containing calcareous granu- 
lations. ( VahxiMer has large marginal bi valved pedicel laria*) Ech inasterid.*. 

ee. Spines heavy, rigid, obtuse, covered with spiniform scales. Reticulation of the dorsum 

formed of triangles grouped in hexagons Mithrodiidje 

cc. Mouth plates conspicuously large, plowshare-shaped, with conspicuous marginal and actinal 
spines. Marginal plates not visible. Abactinal plates cruciform as a rule, bearing a 
fascicle of rather long delicate spinelets united by a fold of the integument, or supporting 
a supradorsal membrane which roofs a specialized nidamental cavity. 

d. No supradorsal membrane. Spines united by a web. Rays more than 5 Myxasterid.k 

dd. A supradorsal membrane present Pterasterid.k 

bb. Pedicellariae pedunculate, either forficiform or forcipiform (composed of 2 jaws and a basal 
piece). Skeletal plates bearing spines, often long and isolated, on or about which are 
usually grouped the pedicellariae; or the pedicellariae may be isolated. Marginal plates 
inconspicuous or aborted. Ambulacrai plates often very crowded so that the tube- feet 
are disposed in 4 series. Abactinal skeleton formed of skeletal arches, independent or 
bound together by intermediate plates, forming a network with rectangular or very irregular 
meshes; rarely in mosaic. These skeletal arches correspond to every other, or to every 
third adambulacral, and are composed of pieces corresponding in the ventral, lateral, and 
dorsal regions of the body. Mouth plates very inconspicuous as a rule. 
c. Tube-feet quadriserial, at least at the base of rays. Actinostome with ambulacrai plates- 
prominent. 

d. More than 25 arm?; interbrachial septa double Hbliabterid.k 

dd. Less than 15 arms (Hawaiian species, 5-armed); interbrachial septa single. 
e. Adambulacral plates of 2 kinds, alternating, one projecting into the furrow, and separating 
with its spinelets the tube-feet ; the other not prominent. They bear several spinelets in 
a transverse series. Skeleton regular, composed of imbricating plates... Zoroasteruxe 
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ee. Skeleton reticulated. Adambulacral plates not dimorphic. Adambulacral plates with 1 
or 2 spines. Pedicel lariae usually numerous, either in wreaths about the spines, or 

scattered Asteri wm 

cc. Tube-feet in 2 series throughout the ray. Actinostome with adambulacral plates prominent. 
Rays numerous, always more than 5, slender, sharply defined from disk, and armed with 
slender spines which are sheathed in membraneous sacculi bearing many minute crossed 
(forcipiform), pedicel lariaj. Abactinal skeleton confined to disk and base of ray, on the 
latter often disposed in independent spaced annular ridges or cosfce Brisingid.« 

Order PHANEROZONIA Sladen, emended. 
Family ASTROPECTIXID.€ Gray, 1840. 

Axtropectinidfe Gray, Synopsis of the Genera and Species of the Class Hypostoma (Asteriat Linn.) <Ann. N. H., ser. 1, vol. 

VI, 1840, p. ISO. 

Key to the Hawaiian genera of Attropectinidsc. 

a. Both series of marginal plates well developed, forming a nearly vertical lateral face to ray. 
Supermarginal plates are not confined to the abactinal surface beyond basal fourth of ray, but 
form a part of the side wall of ray. 
b. Inferomarginal plates separated from adambulacral plates throughout a portion of the ray by a 
series of small intermediate plates. Fasciolar grooves not well developed. 

c. Marginal plates not tumid; intermediate plates extending nearly to tip of ray Psilaster 

cc. Marginal plates strongly tumid; intermediate plates extending only one-third length of 

ray - Psilasteropsis 

bb. Inferomarginal plates touching adambulacrals; not separated throughout ray by a row of inter- 
mediate plates. Fasciolar grooves specialized, well developed Astropecten 

aa. The 2 series of marginal plates very unequal in size, forming an angulated margin to ray. Upper 
series much smaller, and usually confined to abactinal surface; lower series extending laterally 
beyond superior series. 
b. Madreporic body not large and hidden by special pax i lire on its surface. Anal aperture very 
minute or wanting. 
c. No well developed series of plates between inferomarginal and adambulacral series throughout 
ray (rudimentary at base of ray in dd.) 
d. Size large. Rays long; a lateral series of flat, leaf-like spines bordering ray; superomarginal 

plates not conspicuously smaller beyond middle of ray Astropecten 

dd. Size small. Oblique series of long seta-like spines on each tumid inferomarginal. Supero- 

marginals very much reduced in size on outer half of ray Triton aster 

cc. A well developed series of actinal intermediate plates between inferomarginals and adambula- 
crals. Inferomarginal plates broad and short, band-like; their spines many, appressed to 

ray - - -* Ctenophoraster 

bb. Madreporic body large, hidden by paxilhe. Anal aperture present, conspicuous in Dipsacaster. 
Fasciolar grooves very deep, 
c. Gonads disposed in a series along either side of abactinal integument of ray, extending beyond 

middle; papulae distributed generally over the paxillar area Dipsacaster 

cc. Gonads confined to interradial regions, not extending far along rays; papuhe confined to the 
sides of paxillar area; absent from central portion of disk and rays Patagiaster 

Genus A8TB0PECTEN Schulze. 

Astropecten C. F. Schulze, Betrachtung der vereteinerten Seesterne u. ihrer Theile. Warschau u. Dresden, 1760. 

Key to Hawaiian Species of Astropecten. 

a. Superomarginal plates with a single series of erect spines. 
b. Spines stout, absent from second and sometimes third superomanrinal. Spines of inferomarginals 
very prominent; not delicate, nor in an oblique comb polyacanthua 
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bb. Superomarginal series of spines rather delicate, continuous throughout ray; not absent from 

second or third plate. Lateral spines slender, 4 in an oblique comb ctenophorus 

aa. Superomarginals devoid of a series of erect spines; sometimes a single spine on first superomarginal. 
b. Size small; no leaf-like lateral spines. Actinal interradial areas small; superambulacral plates 
well developed. 
c. Size small; no leaf-like lateral spines. 
d. A single erect spine on first superomarginal plate; and a series of inconspicuous tubercles on 

plates of outer two-thirds of ray; the tubercles sometimes absent velUaris. 

dd. No spines whatever on superomarginal plates. Kays slender, flexible pusiUulus 

cc. Size large; rays very long; a lateral series of large flat leaf-like spines. First 2 or 3 supero- 
marginals with a conspicuous, erect, spinule productus 

bb. Actinal interradial areas well-developed, paved with imbricating plates bearing spinelets in a 
paxilliform group; superambulacral plates present, but rudimentary in distal half of ray. 
No superomarginal spines catlistus 

Aatropecten polyacanthus Mullerand Troschel. 

PI. I, tig. 1; pi. II, figs, 1, la, lb. 
A$tropecten polyacanthus Mttller and Troschel, System der Asteriden, 1842, p. 09, taf. v, flg. 8. 

Rays 5. R=47 mm.; r=10.5 mm. R=4.3r. Breadth of ray at base, 12 mm. 

Arms rigid, very gently tapering to a bluntly pointed extremity. Sides of arms rather high, per- 
pendicular. Disk of medium size. Paxillar surface somewhat inflated. Interbrachial arcs acute but 
rounded. 

Abactinal paxillar area is rather compact, the paxilla* being large and arranged in definite trans- 
verse rows, there being about 3 series to each superomarginal plate. Paxillee are largest in the inter- 
radial areas, midway between center and margin of disk, and also along median line of ray. Each 
paxilla consists of one or two central papilliform granules, surrounded by a radiating series of from 
5 to 8 slightly longer ones, the whole crowning a rather long pedicel. On disk the largest paxillse have 
upward to 5 central granules of unequal size, surrounded by 10-12 longer marginal ones, and occa- 
sionally one of the central granules is enlarged into a cylindrical pointed spinule. Less often one of 
the marginal spinelets is similarly enlarged (pi. n, fig. la), but the two never occur on a single paxilla. 

Superomarginal plates, 22 in number from interradial line to extremity of ray, are much higher 
than broad and do not encroach conspicuously upon paxillar area. They form a rectangular edge to 
the abactinal surface, and the first plate is raised slightly above the level of the others. Except the 
second plate, and on one ray the third, each bears a perpendicular, stout, pointed, conical spine situ- 
ated on the abactinal face, slightly nearer aboral than adoral margin. The spine on first plate is 
longest and stoutest (as long as the longest spine of any inferomarginal, 4.5 mm.), the series decreasing 
in length toward tip of ray. The second superomarginal plate, which does not bear a spine, is smaller 
than either the first or third and is crowded by them. Plates are covered with small cylindrical papil- 
liform spinelets, which become stouter and squamiform toward base of spines. Wide fasciolar grooves 
between the plates (i. e., between the specialized, elevated, exposed surfaces). 

The inferomarginals, which are broader than high, correspond to superomarginals in number and 
do not extend beyond them laterally. Each plate bears a transverse series of 3 stout and relatively 
long, tapering, slightly flattened, sharp-pointed spines, the upper longest; to which is added a fourth 
spinule at inner end of series on third to seventh plates. First 2 plates usually have only 2 shorter, 
widely spaced spines. Plates are covered with slender papilliform spinelets in the fasciolar grooves 
and at upper end, these becoming longer, strongly flattened, and bluntly rounded or chisel-shaped at 
tip, in the vicinity of spines, and on actinal surface generally. 

Adambulacral armature is in 3 series. The furrow series consists of 3 long, stout spinelets, the 
median longest, blunt, Bomewhat triangular in cross section at its base, the lateral spinelets flattened 
and truncate. Second series consists of 2 stouter, much flattened, truncate spinelets, the one nearest 
aboral margin being the larger. Third series consists of 3 blunt, flattened spinelets somewhat smaller 
than the furrow series, the median being usually slightly the longest of the 3 and most flattened. 
There is an odd spine, smaller and pointed, situated behind the third series. In all there are usually 
9 spines on each adambulacral plate. 
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Actinal interradial areas are much reduced and are paved each with 4 small roundish plates, which 
bear spinelets very similar to those covering adjacent inferomarginals. 

Mouth plates are prominent, the armature, unfortunately, having been largely destroyed. The 
marginal spinelets are rather slender, slightly flattened, the innermost 2 or 3 of each plate forming at 
each mouth angle a horizontal fan of 4 to 6 teeth, of which the median are longest. 

Tube feet large, with an incipient conical sucker at end, easily distinguishable from the rest of 
the foot. 

Madreporic body is not visible superficially; hidden by the paxillse. 

Color in life: Paxil lar area of distal half of arms vinaceous cinnamon; remainder of arms, and 
disk, fawn color. The dorsal integument, largely hidden by the regular and ornate paxillse, is bright 
vermilion, the color being visible between the spinelets of the paxillse. Spines of superomarginal 
plates, orange buff. Marginal plates, inferomarginal spines, and entire actinal surface, light buff pink. 
Color in alcohol bleached yellowish. 

Locality: Station 4168, vicinity of Bird Island, 20 fathoms, coral, shells, and foraminifera. Bottom 
rough. 

Only a single specimen of this handsome species was secured, and that unfortunately, is not 
perfect. I have felt some misgivings in referring it to polyacanthus, having been obliged to depend 
wholly on the original description. .In proportions the specimen agrees most nearly with Muller and 
Troschel's description of armatus (System der Asteriden, p. 71) , from Japan, which Sladen and others 
consider the same as polyacanthus, the type of which came from the Red Sea. The descriptions of 
these two species certainly differ in many points, and presumably the types do also, but in view of 
the opinion of Sladen and Perrier I have accepted the present name. I have given a full description, 
with figures, that there may be no mistaking the particular form referred to, whether the name be 
correct or not. 

This species may be readily distinguished from others of the genus inhabiting Hawaiian waters 
by the row of erect superomarginal spines, the second and sometimes the third superomarginal lacking 
the spine; and by the stout spines of the inferomarginals, arranged on each plate in a series of three 
or four. 

Astropecten polyacanthus has a wide distribution, extending from the Red Sea to Zanzibar, Ceylon, 
Hongkong, the coasts of China and Japan (Kobe, Yokohama), New Holland, Admiralty Islands, Fiji 
Islands, and Port Jackson, Australia. It is a shallow- water species exclusively, ranging from 2 to 50 
fathoms, the usual depths at which it is found being 25 fathoms and under. The station at Bird Island 
is the most eastern record for the Pacific, very materially extending the known range of the species. 

Astropecten velitaris Von Martens. 
PL i, fig. 2; pi. ii, figs. 2, 2a. 
Aetropccten vcUtarU Von Martens, Archly f. Naturgesch., Berlin, jahrg. XXXI, bd. i, 1865, p. 360. 

Rays 5. R=25.5 mm. ; r=7 mm. R=3.6r. Breadth of ray at base, 8.5 mm. 

Rays stout, very gently tapering to a blunt point. Interbrachial arcs open, forming a nearly right 
angle. Disk of medium size. Epiproctal prominence present. Disk slightly swollen. 

Abactinal paxillar area compact, the paxillse being arranged in transverse rows on the rays. 
Paxillse consist of 1 or 2 central rounded clavate spinelets or elongated granules, surrounded by 8 to 
11 similar ones, arranged in a rosette. Papilliform granules of the peripheral series are not always 
equal in size on the same pax ilia, 2 or more being slenderer than the others. Paxillse become much 
smaller at the end of rays. 

Superomarginal plates, 17 in number from interradial line to tip of ray, are massive, about as high 
as broad, and encroach conspicuously upon abactinal paxillar area, forming a rounded margin to ray. 
The first plate bears a short, erect, rather slender, tapering, sharp-pointed spinule. Plates are covered 
with small papilliform granular spinelets, capillary in the fasciolar grooves, becoming squamiform on 
the exposed surface of plates. The fifth to seventeenth plates each bear a short stubby conical tubercle 
or enlarged granule on the angle between the lateral and dorsal superficies of the plate. The second to 
fourth plates, inclusive, do not bear these. 

Inferomarginal plates form an arched bevel to actinal surface and extend very slightly beyond 
superomarginals, laterally. Each plate bears an oblique row of 2 sharp, slender, often slightly curved, 
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somewhat flattened spines, placed at upper end of plate. The up[>er spine in longer, and the 2 form a 
double, lateral, longitudinal series to ray. Below the innermost spine along aboral margin of plate 
are 3 spinules, the upper placed close to the lower lateral spine and the others widely si>aced. The 
first plate lacks the 2 lateral spines, but possesses the 3 lower spinules. A short, odd spinule is often 
found immediately ad oral to the lower lateral spine. The 2 spines and 3 spinules of each plate form a 
single transverse series. Plates are covered with small, flattened {wpilliform granules or spinelete, 
which by reason of their standing out from the plates do not give the impression of being squamiform. 

Adambulacral armature consists of a furrow series of 3 long, slender, somewhat flattened spinelet*, 
of which the median is much the longest; and on actinal surface, a group of 3 flattened, round-tip]**] ( »r 
truncate spinelets, placed in a more or less regular longitudinal series. Of the latter, 2 are slender, 
while the third, near aboral margin, is larger and flatter. Near base of ray the actinal group may 
have as many as 6 spinelete, placed usually in 3 rows of 2 each (due to a shortening of the plate), but 
one spinelet is always conspicuously the largest. 

Armature of the ovoid mouth plates consists of a marginal series of 10 or 11 slender, obtuse spine- 
lets, which increase in length toward inner angle, where 2 are enlarged (the innermost longest), form- 
ing, with those of the companion plate, a horizontal fan-shaj>ed series of slightly flattened blunt teeth. 
The marginal series extends a little more than halfway to outer end of plate, and ite spinelets usually 
stand out over furrow. The superficial series consists of about 10 similar, usually blunter, spinelet.*, 
arranged along suture margin, so that a conspicuous, unarmed furrow is left on inner half of plate, 
l>etween it and the marginal series, and on the outer half Iwtween superficial series and first adambu- 
lacral plate. 

Actinal interradial areas small, there l>eing but 4 small intermediate plates bearing a group of 
delicate and slender spinelets. 

Madreporic body obscured by paxillse. 

Color in life: abactinal pax i liar area reddish sepia, l>ecoming burnt sienna toward tips of rays. 
Marginal plates pale yellowish-brown edged with darker; lateral spines whitish. Actinal surface 
whitish. 

Young: From the presence of an epiproctal elevation on all the specimens I seriously doubt their 
b^ing fully adult. There is a small example with a major radius of 9 mm., which lacks entirely the spine 
on each first superomarginal plate, and also the tubercle on the outer superomarginals. The lateral 
spines of the inferomarginals are small, and there is no trace of the 3 aboral spinules. A very promi- 
nent epiproctal cone is present. 

Variations: A larger specimen (R=21 mm.) from Penguin Bank has much less massive marginal 
plates than the example from Hilo Bay used in the above diagnosis, but the armature is essentially the 
same. 

Locality: Station 3849, between Molokai and Lanai Islands, 73-43 fathoms, coarse sand, broken 
shell, coral; 1 specimen. Station 4031, Penguin Bank, south coast of Oahu Island, 27 fathoms, fine 
coral sand, coral, and foraminifera; 2 specimens. Station 4055, Hilo Bay, Hawaii, 50 fathoms, tine 
gray sand and foraminifera; 1 specimen. 

This form is readily distinguished from the preceding by the single erect spine on the first supero- 
marginal plate. The species is as near to ivlitari* as to any described form, although the small tubercles 
on the outer superomarginals are not typical. 

Afltropecten ctenophorus, new species. 

I'l. i, fig*. 4, 5: pi. II, figs. 3, 3a-<l. 

There is a small Astropecten, dredged in 130 fathoms, near Laysan Island, which belongs near 
Adropecten j>ectinaUw Sladen, from Australian waters (Port Jackson, off the entrance to Port Philip, 
East Moncoeur Island, Bass Strait, in 6 to 40 fathoms). It differs from this species, however, in 
several well-marked characters, which can not t>e accounted for V>ecause of a difference in size. I 
would hardly feel justified in bestowing a name upon such a small specimen, did it not belong to a 
small section of the genus — that division characterized by having a small spine on every supero- 
marginal, and a lateral, oblique comb of 3 to 5 spines on each inferomarginal. 

Rays 5. R=12 mm.; r=4 mm. R=3 r. Breadth of ray at base, 4.5 mm. 
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Rays are fairly broad at base, tapering continuously to extremity, which is sharp. Interbrachial 
arcs subacute, very slightly rounded. Abactinal paxillar area plane; no epiproctal protuberance. 

Paxilke of abactinal surface are large and uniform on arms, but of various sizes on disk, where the 
largest paxilhe occur. Each consists of a very short rounded basal portion, surmounted by a group of 
6-16 relatively long, slender spinelets, which radiate from the pedicel top. Of these 1 to 3 or 4 are 
usually central, the remainder forming an irregular series about them. Usually the spinelets form a 
widely radiating group, the central ones being stouter than those about the periphery. Very small 
paxillse with only 1 to 4 or 5 spinelets are scattered over disk; and at end of the ray these predominate. 
Papulae large, confined to border of paxillar area, there being none on median radial areas of ray, or 
on central portion of disk. 

Superomarginal plates, which are 14 in number from median interradial line to extremity of ray, 
are about as high as broad in the middle of the ray, higher than broad at the base, and broader than 
high at the extremity. The plates are set very slightly oblique in relation to the long axis of ray, 
and each when viewed from above is about as long as broad, except in interbrachial arc, where the 
plates are narrower. They form a nearly right-angled margin to ray. Each bears on the edge formed 
by the lateral and dorsal superficies a small cylindrical spinule, placed nearer aboral margin than 
center. Those on first 2 superomarginals are not larger than others. The plates are beset with rather 
widely spaced, slender, papilliform spinelets. 

Inferomarginal plates are broader than high, and do not extend laterally beyond the superior 
series. Each plate bears an oblique comb of 3 or 4 lateral, delicate, cylindrical, tapering spines, the 
line of the base forming an angle of about 45° with the transverse axis of the plate and tending from 
the upper adoral corner downward and aborally. The adoral is the smallest, and most laterally 
situated. The third from this is the longest; the second is intermediate in size, and the fourth is 
usually slightly longer than second and nearly as long as third, but on outer half of ray may be much 
shorter than either second or third. Basalmost inferomarginal bears but 2 or 3 spines. A small 
spinule is sometimes present on the aboral side of the plate a little distance from the comb. Surface 
of inferomarginal plates is covered with delicate, slender, papilliform, subcapillary spinelets, which 
show no tendency to become squamiform. 

Armature of adambulacral plates consists of (1) a furrow series of 3 spinelets and (2) a group of 8 
or 10 actinal spinelets arranged in either 2 or 3 irregular longitudinal series. Furrow spinelets long 
and slender, bluntly pointed, the median spinelet longest, and at the base somewhat flattened (in axis 
crosswise to furrow). They usually stand perpendicularly to plate. On outer half of ray the first 
series of the actinal group consists of 4 long, very slender cylindrical spinelets, standing upright. The 
one at the aboral end of series stands on the furrow margin, aborad to lateral spinelet of furrow series, 
so that the latter appears often to consist of 4 spinelets. On these plates the second actinal series also 
consists of 4 spinelets, shorter and slenderer, which, by reason of the obliquity of the plate, extend 
further aborally than the farrow series. Toward base of ray there are usually 3 series of actinal 
spinelets, very irregular in arrangement, with 3 spinelets to each series, and an odd spinelet between 
the furrow and first actinal series. The aboral spinelet of the latter is always situated in line with 
furrow series. One or 2 small spinelets may be added at outer end of plate. 

Actinal intermediate plates, 18 in number to each interradial area, show a tendency to encroach 
upon base of ray. Actinal interradial areas rather pronounced for an Astropecten. Each plate is cov- 
ered with 5 or 6 very delicate subcapillary spinelets, similar to but smaller than those of actinal 
surface of adambulacrals. 

Mouth plates of moderate size. Their whole surface is covered with small slender cylindrical 
spinelets disposed in three series — a marginal, a superficial, and an intermediate (pi. n, fig. 3d). 
The innermost spine of the marginal series is much enlarged, forming with its companion 2 stout, 
blunt, cylindrical teeth at each mouth angle. 

Madreporic body small, with very coarse ridges; situated close to margin. 

Color in alcohol, ashy white. 

Locality: Station 3937, vicinity of Laysan Island, 130-148 fathoms, white sand and small shells; 
bottom temp. 63°; 1 specimen, type no. 21143, U. S. National Museum. 

This speci38 differs from its nearest relative, A. pectinatus, in the following respects: Character of 
abactinal paxillse, those of pectinatus having more numerous, shorter spinelets; disposition of papulae; 
character of spines on infero marginals; character of adambulacral armature, that of pectinatus being 

F.C.B.1903,Pt.S— 16 
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arranged in 3 distinct series of 3 each, the spinelets of the 2 actinal series being flat, rather short, with 
expanded, roundly truncate tips; armature of mouth plates; size of actinal interradial areas, and num- 
ber of actinal intermediate plates, these being less numerous in pectinatu*. The present species may 
be readily distinguished from other known Hawaiian forms by the presence of an oblique comb of 3 
or 4 comparatively short, appressed, close-set spines on the sides of the inferomarginal plates, and by 
the presence of a small, erect spinule on all the superomarginals. 

Astropecten pusillulua, new species. 
PI. x, fig. 3; pi. n, figs. 4, 4a-b. 

Rays 5. R=33 mm.; r=6.5 mm. R=5r. Breadth of ray at base (between first and second 
superomarginals) 6.5 mm. 

Rays long, slender, delicate, flexible; tapering from a narrow base to a blunt point In many 
specimens the outer half of ray has the sides subparallel, then abruptly tapering at the extremity. 
Disk small; general form depressed, but abactinal paxillar area inflated both on disk and rays. A 
slight epiproctal elevation usually present. Actinal surface slightly convex. Interbrachial arcs 
subacute. 

Abactinal integument rather thin and the paxillar area uniform and compact. Paxillse not 
arranged in definite order. Each arm is marked off from the disk by a shallow furrow in the inter- 
radius, which broadens toward the center of the disk, and insensibly grades into its fellows of the 2 
neighboring interradii. In this way a stellate area is often formed in center of disk, due to the greater 
inflation of radial areas, and characterized by a much more compact arrangement of paxillse. PaxilUe 
decrease in size toward median radial line, extremity of ray, and center of disk, the largest being 
found, therefore, in the interradii, and the lateral portions of the base of rays. Each paxilla consists 
of a columnar ossicle, flaring at the base, surmounted by a single central spinelet which is surrounded 
by a peripheral row of 6 to 8 club-shaped, papilliform spinelets, each invested with a rather thick 
layer of membrane. These spinelets are a trifle longer than the basal portion of the paxilla, and 
they do not usually radiate a great deal. Smaller paxillse on the arms have 4, 5, or 6 spinelets in the 
marginal series, and lack the central spinelet. The calcareous portion of these spinelets is slender and 
cylindrical, the membranous investment producing the clavate appearance. 

Superomarginal plates, 31 in number from interradial line to extremity of ray, are about as broad 
as long, except on the outer third of ray, where their length exceeds the breadth. First 3 plates are 
higher than long. They form a conspicuous, slightly rounded bevel to margin of paxillar area, tend- 
ing to become flattened on the outer half of ray, but almost perpendicular in the interbrachial arcs. 
For a considerable portion of the outer two-thirds of ray they are nearly uniform in size. All are 
uniformly covered with papilliform granules or spinelets, much larger than those of paxillse, clavate 
or sometimes slightly squamiform in shape, each spinelet invested with a pulpy sheath. No 'spines on 
superomarginals. Furrows between plates deep, forming well-developed fasciolar grooves. 

Inferomarginals correspond in number to superomarginals, and are placed exactly opposite to 
them. They are much wider than long, forming an even, rounded bevel to sides of actinal surface. 
They extend but slightly beyond superior series, are armed with an oblique row of 2, or in largest 
specimens, 3, short, stout, tapering, sharp-pointed spines, placed near the upper or lateral margin. On 
the outer half of ray the series is rather nearer the aboral than the adoral margin. When there are 
3 spines, the 2 outer, or upper, are of about equal length, and considerably longer than the lowest; 
when only 2 are present, the third to sixth inferomarginals usually have an extra spinule added to the 
inner end of the series. On first inferomarginal plate, the spines are more reduced in size, and 2 
extra spines are added, while 1 is added to the series on the second and third plates. General surface 
of plates covered with papilliform "barley-corn" spinelets, similar to but larger than those covering 
superomarginals. 

Adambulacral plates with convex margin to furrow. Armature is arranged in 3 series on inner 
part of ray, but becomes reduced to 2 on the outer half. Inner or furrow series consists of 3 spinelets 
which are rather short, the middle one larger than the laterals, and slightly tapering, being flattened 
to produce a blunt-ended blade with the edge toward furrow. The 2 lateral spinelets are slender and 
tapering. The 2 spinelets of the second series are associated with the furrow series on the proximal 
plates in large specimens. Second and third (actinal) series consist of 2 tapering and pointed spinelets 
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each, bat toward the middle of ray the outer series becomes reduced in size, finally to an odd spine 
which persists on a few plates, and eventually disappears at about the middle of ray. Second series 
persists to tip. In the majority of specimens, on the inner part of ray the actinal spines are grouped 
into a very definite pedicellarian apparatus, conical in shape. These may be confined to plates of the 
basal third of ray, or may extend to the limit of the outer actinal series. Rarely on the outer portion of 
ray a few of the plates have the furrow and second series loosely grouped into a similar apparatus. 
On innermost plates bearing the actinal pedicel lariae an odd actinal spinelet is present. Sometimes 
there are 5 or 6 actinal spinelets instead of 4. 

Actinal interradial area almost absent. There are about 4 small intermediate plates, each of 
which bears a 4-valved pedicellaria, similar to, but slightly smaller than those of the adambulacrals. 

Mouth plates rather small, elongate, and narrow, with relatively short armature consisting of a 
superficial series of 10 stout, short, tapering, pointed spinelets, arranged along the edge of the median 
suture; subequal, except the 2 or 3 outermost, which are smaller, and the innermost, which forms with 
that of the adjacent plate a pair of longer, tapering, pointed teeth, directed toward actinostome. The 
spinelets of the superficial series are often blunt. A marginal series of 5 to 8 shorter, pointed spinelets 
is placed at a higher level, facing the ambulacral furrow. These are either directed outward into 
furrow, or are appressed against the base of Xhe innermost spinelets of the superficial series. Con- 
siderable variation exists among the specimens in regard to the details of armature, such as the num- 
ber and shape of spinelets, as well as their relative sizes. 

Madreporic body small, partially obscured by paxilke, and situated a little less than its own 
diameter distant from the margin. Striations coarse and rather few in number. 

Color in life: Paxillar area dull olive brown, the marginal plates dull pinkish yellow, or straw 
color; actinal surface very pale straw yellow. 

Young: The smallest specimen taken (station 4181) has R=7 mm., and r=2.25 mm., and 
besides having relatively shorter arms than the larger examples, differs in details of ornamentation. 
The paxillse lack the central granule, there being about 4 or 5 granules spaced around the margin of 
pedicel. Inferomarginals have but 2 spines. The furrow series of adambulacrals is relatively more 
conspicuous than in the adult, and the central spinelet is less different from the 2 lateral ones. On 
first adambulacral plate there are 4 actinal spinelets, 3 of which form a pedicellaria. On second and 
third plates there are 3 spinelets each, and beyond this point, only 2. A very prominent epiproctal 
elevation is present. All stages between this and the adult are represented in the collection. 

Locality: Type (no. 21144, U. S. National Museum) from station 4116, northwest coast of Oahu 
Island, 241-282 fathoms, coral sand and foraminifera; bottom temperature 48.8°. Attropecten 
pusillulus was taken in greatest abundance off the north coast of Maui, in from 220 to 253 fathoms, on 
gray sand. Nearly 650 specimens have been examined. The following is a complete list of the 
stations: 

Record of localities. 



Station. 



Locality. 



Depth. 



Nature of bottom. 



3865 

8918 

1044 

4045 

4048 

4082 

4083 

4084 

4085 

4096 

4116 

4181? 

3472 



Northeast approach to Pallolo channel between Maul and 
Molokai Islands. 

South coast of Oahu Island 

West coast of Hawaii Island 

.do. 



.do.. 



North coast of Maui Island 

....do 

....do 

....do 

Northeast approach to Pailolo channel. 

Northwest coast of Oahu Island 

Vicinity Kauai Island? 

South coast of Oahu Island 



294-257 
238-198 
199-147 
874 
220-238 



253-267 
267-283 
272-286 
241-282 
811-671? 



Fine volcanic sand, and rocks. 

White sand and mud. 
Fine gray sand. 
Coral Band foraminifera. 
Fine gray sand, rocks. 
Gray sand. 

Fine sand. 

Sand, shells. 

Fine gray sand. 

Coral sand, foraminifera. 

Probably an error for 4081. 

Fine white sand. (Cruise of 1891.) 



The present species is characterized by its small size, slender rays, unarmed superomarginals, and 
the character of its paxillee and adambulacral armature. It appears to be very distinct from any 
described form. 
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Astropecten productun, new species. 
PI. ii, figs. 5, 5a-5f; pi. iv, figs. 1-8. 

Rays 5. R=183 mm.; r=19.5 mm. R=9.3 r. Breadth of ray at base, opposite first supero- 
marginal, 23 mm.; opposite fifth superomarginal, 25 mm. Width of ray 1 centimeter from tip, Id 
mm. Height of ray at base, 10 mm. 

Size large; rays long, rather slender and flat; disk relatively very small, the minor radios beinp 
less than the width of ray at base. General form depressed, flat The rays taper very gently t<» 
a blunt extremity, and on the outer portion the sides appear almost parallel when viewed from 
above. Most of the rays are constricted at the base, so that the widest portion is at the fourth or fifth 
superomarginal plate. Interbrachial arcs are very acute. Abactinai surface plane; actinal snirfare 
convex, with broadly beveled margins. 

Abactinai paxillar area is uniform and moderately compact on disk, but often rather open on the 
rays, since the spinelets of the small paxillae frequently do not radiate to any extent. In specimens 
where the paxillae are all expanded like flowers the general appearance is compact. Paxillae are 
arranged in rather regular transverse rows at base of ray, except along the medioradial line. Ou 
outer half of ray these regular series are confined to a narrow border adjacent to the superomarginal 
plates. No regularity on disk. Each paxilla is surrounded by about 6 papulae in a hexagonal eerie?. 
The latter are absent from the medioradial line of ray. The paxillae are largest on disk and at either 
side of medioradial areas. Each consists of a short cylindrical ossicle, flaring at the base, flat-topped, 
sometimes elliptical in section, surmounted by a central group of 7 or 8 slender spinelets, which are 
surrounded by a marginal row, more or less irregular, of from 12 to 16. On outer third of arm paxilla 
are smaller, but the spinelets decrease only a trifle in number, the average being about 10 in marginal 
series and 4 or 5 in the central group. Scattered among these are still smaller paxilla* with 7 or S 
marginal spinelets and only 2 or 3 central ones. The spinelets are two-thirds as long as the supporting 
pedicel. 

Superomarginal plates, about 90 to 92 in number from interradial line to extremity of ray, form 
a well defined, conspicuous, and uniform border to paxillar area. Except for the first 8 or 10 platen 
they lie entirely on the abactinai surface. The inferomarginals with their prominent spines form the 
edge of the ray as they project laterally beyond the superomarginals. In the interbrachial arcs the 
superomarginals for a short distance form a rounded bevel to the margin. They decrease very 
gradually in size toward the extremity of ray. The length equals about two-thirds the width. 
The plates are set obliquely, as to their transverse vertical axis, so that their aboral margin slightly 
overlaps the adoral of the succeeding plate. The aboral margin is curved, and is armed with a series 
of 4 (varying to 3, 5, or 6) short, stumpy, sharp, squamiform spinules, evidently modifications of the 
squamiform spinelets which cover remainder of exposed surface of plate. In the fasciolar grooves 
between plates the papilliform spinelets are slender, becoming gradually thicker, then flatter, toward 
the aboral margin. In dried specimens, after the membrane has disappeared, this graduation in size 
is even more evident, but the spinelets no longer appear papilliform, owing to the absence of an 
organic investment. On the first 2 superomarginals one of the spinules is enlarged, becoming 
conical and erect, but it is not conspicuous. Terminal plate fairly conspicuous, bifurcate at base, blunt, 
grooved on lower surface. 

Inferomarginals, which correspond in number to superomarginals, are very wide in proportion t« » 
length (3.5 to 4.5 : 1) and form a broad even bevel to the margin of the actinal area. The upper end 
of each plate extends beyond superomarginals, is strongly tumid, and the series forms the margin of 
the ray. The inner or lower end of the inferomarginals slightly overlaps the outer end of the 
adambulacral plates. Armature of each inferomarginal plate consists of numerous spines of various 
sizes, which may be roughly divided into two series: (1) Along the aboral edge of each plate, 
extending from the extreme inner to the upper or abactinai tumid end, is a row of from 10 to 14 
spines and spinules. The uppermost spine surmounts a slight boss on the abactinai tumid end of the 
plate and is large, flat, leaf-like, lanceolate-acute, or oblanceolate-acuminate, about 6 to 7 mm. in 
length, by 1.5 to 2 mm. broad. These blade-like spines are very conspicuous, and form a regular 
series along the side of the ray, resting with their flat side upward. Following these, on the very 
edge of the ray, are 2 sharp, slender, slightly flattened spines, the upper usually the longer, being 
about two-thirds to seven-eighths as long as the heavy lateral spine. Occasionally there are 3 in the 
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group. In a series below these, extending to the lower (inner) end of plate, are from 7 to 11 spines 
and spinules similar to the 2 just described except in size. Of these the 2 or 3 following the lateral 
spines are short, and then come 5 conspicuous, slender, tapering, sharp-pointed spines, increasing in 
length toward the innermost, which is about 5 mm. long, and is situated at the inner end of plate. 
Between any two of them there is usually a short spinule, about one-fourth to one-third their length- 
Occasionally there is an odd spine, set out of line with the above series, toward the median line of the 
plate. (2) The second series of spines forms a semicircular row about the adoral side of the large flat 
spine, and the lower (inner) end of the series abuts against the regular aboral series, just below the 2 
slender marginal spines which accompany the big one. Two spines of this series are placed in an 
oblique row between the flat spine and the superomarginal plates. Immediately adoral to the large 
spine are 1 or 2 short spinules, and then between these and the regular aboral series 5 to 7 slender, very 
sharp, tapering spines, forming a graduated series which merges into the regular transverse series as 
described above. All are closely appressed to the base of the flat spine. The abactinal surface of each 
inferomarginal is covered with . papilliform spinelets similar to those investing the superomarginals, 
while the actinal surface is crowded with stouter, clavate, papilliform spinelets, each sheathed with a 
thick, pulpy investment. They become slightly larger toward the lower end of the plate. 

Adambulacral plates numerous, separated by wide sutures and with an angular margin to furrow. 
Armature composed as follows: (1) A furrow, series of 3 long, slightly tapering, round-tipped or 
truncate-spines, the median of which is longest and stoutest; all are compressed, especially the median, 
which is saber-like; on the basal portion of the ray usually stand 2 of the actinal spines, one at either 
end of the furrow series, these, however, shorter and placed behind the lateral furrow spines. 
(2) Spines of the actinal surface of plate in 3 irregular longitudinal rows of 3 (or 2) each. The median 
spine of each series is usually flattened and roundly truncate at the tip, the 2 laterals tapering and 
much smaller. Behind the 3 series of actinal spines are 3 to 6 smaller spinules or spinelets, irregularly 
placed, on the outer end of the plate. The actinal spines, especially the smaller, are invested with 
a sheath of pulpy membrane, which greatly increases their thickness. On a dried specimen these 
same spines are slender, cylindrical or slightly compressed, and exceedingly fragile. 

Actinal intermediate plates, few in number (8 to 10), are very small and confined to the incon- 
spicuous interradial area, which does not extend beyond first inferomarginal. The interradial area 
forms a triangle the sides of which do not exceed 5 mm. The plates are covered with spinelets similar 
to those of the inferomarginals. 

Mouth plates are narrow and not prominent actinally. Armature consists of a marginal series 
of stout, flattened, blunt spines, 4 of which are arranged in a graduated series on the inner end of the 
plate, the 2 nearest median suture being largest, and the combined series of the 2 companion plates 
form a horizontal fan-shaped series. The marginal series, reduced in size, is continued for a short 
distance along the edge of the plate adjacent to first adambulacral. On actinal surface a superficial 
series of blunt or pointed, flattened spines extends from end to end of plate along the median sutural 
margin. Between this and marginal series is an intermediate row of 8 or 10 spines which extend about 
two-thirds the distance to outer end of plate and are graduated in length, the longest being innermost. 

Madreporic body of medium size, situated nearly midway between the margin and center of disk. 
Striations not conspicuous. 

Color in life from immature specimens: Abactinal paxillar area deep vinaceous cinnamon (except 
paxilke crowns, which are lighter pinkish buff), shading to cinnamon at tips of arms. Marginal plates 
buff; large flat marginal spines rose pink. Actinal surface whitish. Color in alcohol dull light brown. 

Variations: The chief variations in this species are in minor details of spinulation of the actinal 
surface of inferomarginals and the relative length of the arms. All the arms of a single specimen 
are not always exactly the same length. If the minor radius be taken as a unit, the rays of the type 
are 9.5, 9.3, 9.2. Another specimen of about the same size varies as 8.25, 9.5, 9.3, 8.1, 9.5. The average 
length is always well above 9:1, while one example has an arm as long as 10:1. The armature of the 
inferomarginal plates is, as a rule, more robust toward the base of the ray, particularly in respect to the 
actinal series of spines. In some specimens the spines on the basal plates are subequal in length, 
there being, instead of 5 large spines with small intermediate spinelets, about 7 or 8. Usually, how- 
ever, the formula already described holds true. 

Young: A single half-grown individual (R=85 mm.; r=10mm.) differs from the fully adult in 
having slightly shorter arms and more prominent spinules on superomarginals, there being one on 
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each plate relatively more enlarged than in the adult. The lateral lamelliform ppines are slightly nar- 
rower, and there are no enlarged spinelets between them and the superomarginal plates. In fact, the 
whole of the second series of inferomarginal spines is reduced in size and number. 

Localities: Type (no. 21145 U. 8. National Museum) and 10 specimens from station 4102, Pailolo 
Channel, between Maui and Molokai islands, 122-132 fathoms, fine gray sand and foraminifera; bot- 
tom temperature, 59.7°. One immature specimen from same locality, station 4101, 143-122 fathoms, 
coral sand, shells, foraminifera. 

This remarkable and aberrant Astropecten is especially characterized by its large size, long, flat 
ray 8, very small disk, and regular longitudinal series of leaf-like marginal spines. It is quite 
different from any species heretofore described. Owing to the relatively small size of the disk, the 
species is very fragile at the junction of the arms and disk. Several specimens have a considerable 
portion of one or two of the arms regenerated. 

Astropecten callistus, new species. 

PI. viii, fig. 3; pi. IX, figs. 4, 4»-4d; pi. xi, fig. 2. 

Rays 5. R=55 mm.; r=12.5 mm. R=4.4 r. Breadth of ray at base (between second and third 
superomarginal), 12 mm.; between fifteenth and sixteenth, 7 mm. 

Disk of medium size; rays long, rigid, tapering, narrow, sharp. Interbrachial ares rounded. 
General form depressed. Actinal surface subplane, most prominent at mouth angles; abactinal surface 
subplane to very gently convex; capable of very slight inflation. The rays are characterized by 
subverticai sides, and they taper most in the basal third, and only very slightly in the outer half, 
giving a peculiarly attenuate appearance. The terminal plate is large, subcylindrical, and the tip of 
ray is usually bent upward. 

Abactinal paxillar area is compact and well defined to tip of ray, decreasing in width in proportion 
to ray. Paxillae are large and close set, largest in interradial areas and at base of ray, conspicuously 
decreasing in size toward the center of disk, and much more gradually toward tip of arms. Each 
pax ilia consists of a rather low, cylindrical pedicel, nearly flat-topped, surmounted by a central group 
of spaced granules, stout, round-tipped, and varying in number from 3 to 8, or even 10. The. central 
3 or 4 are largest. This group is surrounded by a peripheral radiating series of 18 to 20 smaller, 
slender, clavate spinelets or elongated granules, the whole very regular and elegant in appearance, 
and much resembling a composite flower. In the largest specimen (R=64 mm.) there are as many as 
24 spinelets in the marginal series, and 12 to 15 in the central group. On disk the pedicels are some- 
times elliptical in section, and usually so on the radial portions of the rays. The pedicels are expanded 
into a fairly large, stellate base. These plates, which are close together and which are joined by their 
lobes, are generally circular or subhexagonal in contour, the processes, about 6 in number, being short, 
abrupt, and round-tipped. The latter impinge upon neighboring plates, the papulae passing through 
the interspaces between them. The papulae are single, and are disposed generally over the abactinal 
surface. 

Superomarginal plates, about 40 in number from the median interradial line to tip of ray, are 
rectangular, about as high as broad, except in interbrachial arc, where the plates are confined almost 
entirely to the side of ray, to which they form a uniformly arched margin. The exposed surface of 
the plate is very slightly convex along its transverse axis, and with regard to the longitudinal axis the 
plates form a very even arc. They are devoid of spines, and are covered with rounded, subcorneal 
granules, largest at upper end of plate, becoming papilliform in grooves between the exposed surfaces 
and at lower end. In the largest specimen 1 or 2 of these granules are enlarged on the marginal angle 
of ray, but they are quite inconspicuous. 

The exposed surface of each inferomarginal, like that of superomarginals, is separated from its 
neighbors by a fasciolar groove, and there is also a conspicuous groove between the upper and lower 
series, seen when the ray is viewed from the side. On outer third of ray the 2 series of marginal 
plates do not always exactly correspond, but there is considerable variation in this respect. Infero- 
marginals encroach scarcely more on the actinal surface than do superomarginals on the abactinal, 
except in interbrachial arc. They form an arched bevel to the margin of actinal area, and in some 
specimens extend just a trifle laterally beyond superomarginals. Each plate bears a row of 3, often 4, 
short, flattened, tapering, pointed spines, disposed along the median transverse line of the plate. 
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These spines are usually subequal, or the 'median slightly the longest, but occasionally near base of 
ray the uppermost spine is hardly half as long, as the second. There are often 4, and rarely 5, spines 
on the first few plates, and the innermost spine is near the inner end of the plate, the others being 
subequally spaced. On outer portion of ray there is considerable irregularity in the spines, the 2 
upper often being nlaced in a longitudinal or oblique series near together, separated from the inner or 
third spine. Inferomarginal plates are further covered with small, papilliform spinelets, those on the 
upper end of the plate similar to granules of adjacent portion of superomarginal. They increase in 
length toward the inner end of the plate, where they are much larger. 

Adambulacral plates with convex margin to furrow. The armature consists of 5 long, flattened, 
slender, round-tipped spines disposed in a fan-shaped series. The median spine is longest, somewhat 
saber-shaped, but round-pointed, and the lateral spines, which form a graduated series at either Bide, 
present their flat sides to furrow. The lateralmost furrow spines are really the lateral members of 
the first actinal series of S, the central spine of which resembles the laterals. On the outer end of 
plate is a longitudinal series of 3 or 4 usually considerably shorter spines. When there are but 3 the 
spines average slightly larger. The armature as a whole has an expanded character resembling 
Aatroptcten in general. 

Mouth plates are small but prominent actinally, with a numerous armature regularly arranged. 
Marginal series consist of 6 flattened spinelets, of which 2 are placed at the inner angle as teeth, and 
4 form a graduated series along the edge of the plate toward furrow. Marginal series is continued 
along the edge of plate adjacent to first adambulacral as a row of numerous, shorter, and much slen- 
derer spinelets. The actinal surface bears a superficial series of about 15 slender, tapering spinelets 
placed along suture margin and increasing in size toward the teeth. A parallel series of 8 or 9 similar 
spinelets extends along surface of plate between marginal and superficial series, but this is lacking on 
the inner third of plate. 

Actinal interradial areas are rather small; paved with fairly large, irregular, overlapping plates 
arranged in more or less regular series extending from inferomarginals to adambulacrals. These 
intermediate plates extend in a single (longitudinal) series nearly half the length of ray or to fifteenth 
inferomarginal, but the outer plates are very rudimentary. In the interradial areas the plates may be 
described as rudely shield-shaped, or oval, with a notched border. There is a prominent keel on the 
actinal surface of each, extending lengthwise of plate (interradially), and this keel forms a beak at 
the inner end of each plate, overlapping the outer edge of the adjacent plate. The plates consequently 
imbricate, and this is more pronounced in the large than in the small specimens. Armature consists 
of a series of radiating, slender spinelets of different lengths, placed in a peripheral irregular series 
about the keel. These spinelets are about the size of those covering the inner portion of inferomar- 
ginals. There is also a central enlarged, tapering spinule or group of 3 to 6 spinules, all forming a 
very ornamental paxilla crown on the keel. Those plates adjacent to the adambuiacrals have rather 
larger spinelets than the others, and on ray their armature is arranged in a radiating coordinate group. 
Usually the marginal spinelets on the outer side of the keel of all the plates are conspicuously the 
longest. These peripheral spinelets project over rather wide fasciolar furrows, between the carinations 
of the plates. 

Superambulacral plates are present, well developed on basal half of series but rudimentary beyond 
the middle of ray. Tube feet are conical, without sucking disks. Anal pore present, minute. 

Color in life nearly white, except the tips of the rays and a small area in the interbrachial arc 
on abactinal surface, which are carmine to bright vermilion or orange vermilion. The interbrachial 
area is triangular or crescent-shaped and the central portions of the paxilhe are uncolored. In alcohol 
all the red disappears. 

Variations: The variations are all of a minor character and are mostly due to age. Aside from 
this, however, some difference is apparent among the specimens in the relative width of the inter- 
brachial arc and consequent tenuity of arms, but this seems due to the degree of inflation of the 
paxillar area. There is one specimen with 6 rays. 

Young: The smallest specimen (R = 5 mm., r = 3 mm.), from the stomach of an adult, is quite 
different in general shape, the disk being large and the rays short and broad. Actinal intermediate 
areas are already prominent and the spinelets of actinal and granules of abactinal paxillse fewer in 
number. Mouth plates have but 2 series of spinelets, marginal and superficial; no inferomarginal 
spines. Adambulacral armature much as in adult. Most of the stages intermediate between this and 
the adult are represented. 
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Localities: Type (no. 21146, U. S. National Museum) from station 4079, north coast of Maui, 
143-178 fathoms, gray sand and foraminifera; bottom temperature 60.8°. Taken also at the following 
stations: 

Record of localities. 



Station. 



8810. 
3835. 
8957. 
4044. 
4045. 
4079. 
4080 
4114. 



Locality. Depth. ' Nature of bottom. 



Fathoms. \ 
South coast of Oahu Island 211-63 . Fine coral sand. 



South coast of Molokai Island . 

Vicinity of Laysan Island 

West coast of Hawaii Island 

....do 

North coast of Maui Island 

do 

Northwest coast of Oahu Island. 



169-182 I Fine brown sand and mud. 

220-173 ' Fine white sand. 

233-198 Fine gray sand. 

198-147 I Coral sand, foraminifera. 

143-178 Gray sand, foraminifera. 

178-202 I Do. 

154-196 Coral sand. 



This species is distributed, therefore, from Laysan to Hawaii, and its vertical range varies from 
169 to 233 fathoms (31 specimens) . 

Young ophiurans, and a young of the same species were found in the stomach of this starfish. 

This species is very abnormal Astropecten^ if indeed it belongs in that genus at all. The actinal 
interradial areas are well developed and are paved with strongly imbricating plates, while the infero- 
marginals are relatively narrow for the genus. The general habit recalls Tethy aster mbinermis of the 
Mediterranean region, although the disk is smaller. The superambulacral plates are less well 
developed than in typical Astropecten, and the plates forming the bases of the paxilke are lobed. 
An anal aperture is present. This, however,/ has been found in Astropecten americanus by Verrill. 
Astropecten mesactus Sladen has fairly large interradial areas, but differs considerably from this species 
in proportions and details of structure. 

Prof. Verrill has examined a specimen and believes it to be an Astropecten. 

Genus CTEN0PH0RASTER, new. 

Type CtcnopkorasUr havxxiiensu, new species. 

S'ze large. Disk relatively very small. Rays long, narrow at base, and tapering to a blunt 
extremity. General form depressed, flattened. 

Marginal plates of both series with well-developed ridges separated by deep, narrow, fasciolar 
channels. Superomarginal plates devoid of spines or any enlarged spinules or tubercles. They are 
much wider than high (except for a short distance in interradial arc) and are flattened, being confined 
almost entirely to the abactinal surface. Inferomarginals are very wide., extending laterally beyond 
superomarginals, armed with 3 oblique lateral series of numerous close-set, slender spines, which are 
continued toward the inner end of plate as a double series. 

Abactinal area with large paxillse, the pedicels of which are stout, cylindrical, and close-set, their 
bases flaring slightly to form roundish plates. Integument tough. 

Actinal interradial areas fairly large, considering the reduced size of the disk, paved with round 
plates, which extend as a single series between inferomarginals and adambulacrals nearly to tip of ray 
(fifteen -sixteenths of total length). They are armed with a diverging group of numerous stout, blunt, 
tapering spinelets, and on disk each plate bears an enlarged, slender, central spinule surrounded by 

2 to 5 shorter ones, the periphery of the tumid plate being adorned with a single series of numerous 
papilliform spinelets. 

Armature of adambulacral plates consists of a furrow series of 4 or 5 spines, followed by 3 series of 

3 or 4 spines each, on actinal surface. Ail are stout but slender, the furrow series being slightly 
flattened. 

Well-developed and stout superambulacral plates are present. Ambulacral furrow narrow, deep, 
with almost perpendicular sides, the margin being slightly overhung by the adambulacrals. 

Madreporic body small, situated rather nearer margin than midway between it and center 
of disk. 

This genus is next to Astropecten, from which it differs in having a single series of small inter- 
mediate plates interposed between the adambulacrals and the inferomarginal plates. Its long rays, 
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generally flattened form, very small disk, and the low, broad superomarginals confined almost entirely 
to the abactinal surface give the form a different facies from Astropecten. The broad, band-like 
inferomarginais and the adambulacrals are much like Astropecten, although the armature of the 
former is very different from any species with which I am acquainted. 

Gtenophoraster hawaiiensis, new species. 
PI. in, figs. 1, la-le; pi. v, figs. 1, 2; pi. vi, figs. 1, 2. 

Rays 5. R = 150 mm.; r = 22 mm.; R = 6.8 r. Breadth of ray at base (between third and 
fourth superomarginals) 27 mm; dorso-ventral dimension of ray at base 10 mm. 

Rays long and moderately slender, very gently tapering from a narrow base to a blunt extremity. 
Disk small. General form decidedly flattened, the sides of arms being low and rounded. Abactinal 
surface plane; actinal surface gently convex, with a very broad even bevel to the sides. Interbrachial 
arcs acutely rounded. 

Abactinal pax i liar area is compact, the large paxillse being arranged in regular transverse rows 
along the marginal portion of the area, these series becoming interradial in the interbrachial arc. 
Along median radial line of ray the paxilke are smaller, crowded, and not arranged regularly, so that 
a very distinct narrow area is seen running from tip of ray nearly to disk. Paxillae are more compact 
in the center of disk than at sides. The largest paxillae are found in the interradial areas near, but 
not precisely at, the center of disk, while the largest on the rays are about midway between the 
median radial line and margin. Each paxilla consists of a stout conical pedicel, flaring at base and 
summit, surmounted by a variable number of much shorter papiliiform spinelets, either united into a 
compact group, or with marginal series radiating. The larger paxillae have 20 to 28 spinelets in a 
central group, surrounded by the same number in a marginal series. A typical large paxilla of the 
arm possesses about 15 or 16 spinelets in a peripheral series, and 12 to 14 in central group; one from 
the median radial line, 8 to 10 in peripheral series, and 3 to 5 in the central group. Papulse numerous, 
large except along median radial line, where they are small. 

Superomarginal plates, 60 in number from the interradial line to extremity of ray, are much wider 
than high, except in interbrachial arc, and encroach conspicuously upon paxillar area, forming a 
rather flat border. Inferomarginals extend beyond superomarginals, and define margin of ray. The 
latter are wider than long, especially the first 3 plates, which are only about half as long as the others 
and form a perpendicular or slanting wall to the interbrachial arc. Surface of plate is covered with 
papiliiform granules becoming spinelets in the well-developed fasciolar grooves; no enlarged spines or 
tubercles are present. 

Inferomarginals correspond in number to superomarginals; short (2 mm.) and very wide (10 mm.), 
appearing as bands, stretching from actinal intermediate series to margin of ray, and forming a broad, 
slightly rounded bevel to border of actinal area. Upper or outer end of each plate extends laterally 
beyond the superomarginals, and is tumid for the reception of spines. Armature consists of many 
slender spines and sf>inules, with still smaller spinelets, grouped into 3 (rarely 4) obliquely transverse 
curved rows on the outer end of the plate. These series encroach slightly upon the actinal surface of 
plate, where they merge into 2 irregular transverse rows along the aboral margin, which are continued 
to the innermost end of the plate. (See diagram pi. in, fig. lc.) Of the three outer or lateral series, 
the first, that situated nearest median line of plate is largest, consisting of 7 or 8 slender, slightly 
curved, tapering, pointed spines, which are closely pressed to the side of ray and overlie the other 2 
series (pi. in, fig. la). The upper 3 or 4 spines are on the abactinal surface. The second series is 
arranged parallel to the first, and consists of 5 to 7 similar but slightly smaller spines, while the third 
series has only 4 spines, still smaller, and arranged along aboral margin. The 2 longer series of actinal 
spines are somewhat irregular. That nearest the median line of plate consists of 5 to 7 slender flat- 
tened, blunt spines, about the size of those of first series of marginal spines, with which this may be 
considered continuous. These spines are turned upward or outward, are closely appressed to ray, and 
usually lie crowded in the furrows between adjacent plates. About the base of each, on the adoral 
side, is a cluster of spinules, 1 to 4 to each spine. These increase in size toward the inner end of the 
plate, being about one-third to one-half as long as their adjacent spines. There is usually an odd spine 
at the inner end of plate, in the median line just adoral to the lowermost spine of the regular series. 
Both are usually sharp. The second actinal series consists of a number (about 7 or 8) of spinules 
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irregular as to length and position, scattered along the aboral margin below the inner marginal series. 
They are wholly covered by the much larger spines of the first series. General surface of plate is 
covered with papilliform spinelets, crowded, becoming slenderer in the deep fasciolar grooves. 

Adambulacral plates, wider than long, have a convex margin to furrow. Armature as follows: 
(1) A furrow series of 3, with which are associated the lateral spines of the first actinal series, making 
usually 4 or 5 spines on the margin. The median spine is stoutest, most flattened, the 2 laterals 
decreasing in length and forming a palmate series. The furrow spines proper are truncate or round- 
tipped, tapering and compressed, the edge being toward furrow. The median spine reaches quite 
across the furrow. (2) Actinal surface bears 3 or 4 longitudinal series of tapering spines, decreasing 
in length toward the outer end of plate. The first, or inner, 2 series have about 3 spines each, while 
the outer 2 commonly have 4, although there is much irregularity. The spines of the inner 2 series 
are longest, and are slightly flattened, the broad side to furrow. 

Opposite each adambulacral plate is a roundish intermediate plate, with a central raised tabulum, 
the series of which extends to the 55th inferomarginal or to within 12 mm. of the tip of ray (pi. 
in, fig. 1. ) Actinal interradial areas fairly large, considering the small size of disk, and paved with 
round plates like those of the rays. There are about 16 of these plates, omitting the series adjacent to 
the adambulacrals, and they do not extend beyond the second inferomarginal. Intermediate plates of 
ray are armed with a radiating group of 15 to 18 blunt spinelets, resembling the papilliform spinelets 
of inferomarginals but larger. Rarely a central spinelet is enlarged. In interradial areas each plate 
bears a conspicuous, bluntly pointed, tapering spinule, about which are grouped 2 to 5 shorter spinelet**. 
Surrounding these is a peripheral series of numerous, still shorter, papilliform, slender spinelets, 
radiating to form a rosette, the whole armature surmounting the central tabulum of the plate and 
forming a very ornamental paxilla-crown. On those intermediate plates adjacent to adambulacrals 
the armature is the same as on ray, except for the presence of 1 or 2 larger central spinelets. 

Mouth plates are rather prominent, bent inward toward actinostome. At the inner angle there 
are 4 heavy, slightly flattened, blunt spines, placed in a perpendicular comb, the largest nearest 
mouth, and the series of companion plates are close together, forming a double phalanx at each mouth 
angle. This series is continued toward outer angle of plate as a row of stout, slightly flattened, blunt 
spinules, along the margin of suture. They are all much smaller than the inner teeth, and become 
slenderer and weaker as they approach the outer end of plate. Marginal spinelets small, flattened, 
rounded or truncate at tips, extending in a perpendicular series along border, subparallel to the 4 
"teeth," and appressed to an intermediate row of spinelets. Between marginal and superficial series 
are 3 parallel intermediate series, the one nearest teeth slightly larger than marginal spinelets. These 
3 intermediate series are continued toward the outer end of plate as slender and longer spinules form- 
ing a bristling armature to actinal surface. A deep fasciolar groove intervenes between the mouth 
plates and adjacent adambulacral, and that surface of the former which forms the side wall of groove 
is covered with minute papilliform spinelets. Superambulacral plates well developed. 

Madreporic body small, situated slightly nearer margin than midway between it and the center 
of disk. Ridges are rather coarse, having alternate swellings and constrictions, and cross the plate 
interradially in direction. 

Color in life unknown; in alcohol dull brown. 

Locality: Station 3935, vicinity of Laysan Island, 57 fathoms, white sand, broken shells, coralline; 
bottom temperature 71.1°. Type no. 21147, U. S. National Museum. 

This species may be distinguished by its long rays and generally flattened form, by the unarmed 
superoinarginal plates confined almost entirely to the abactinal surface; by the broad, band-like infero. 
marginals with their numerous small spines; and especially by the series of intermediate plates between 
the adambulacrals and inferomarginals. The species has the general fades of a flat, long-rayed 
Astropecten, with acutely angular yet rounded margin. to rays. It is sufficiently unlike Astropecten, in 
the presence of a series of actinal intermediate plates on the ray and in the character of inferomarginal 
armature, to warrant its segregation from that much overburdened genus. 
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Genu TBIT0HA8TER, new. 

Type Tritonatter cnupedotus, new species. 

General form flat and depressed; disk of medium size; rays 5, moderately long, tapering gradually 
from a rather broad base to a pointed tip. 

Supermarginal plates much smaller than inferomarginals, especially on the outer part of ray; 
confined chiefly to abactinal surface; first 10 bearing weak spinules on the abactinal (=inner) edge. 
Inferomarginals very tumid, each bearing a transverse comb of 4 to 7 long, slightly curved seta-like 
spines, and, except in interbrachial arcs, defining ambitus. Fasciolar groove at bottom of each broad 
sulcus between 2 inferomarginal plates, or rather between the summits of their tumid portion, shallow, 
not specialized, packed with minute spinelets. Covering of marginal plates delicate papilliform spine- 
lets, giving a velvety texture. 

Abactinal integument thin, capable of being inflated; covered with small paxillse which are 
arranged in regular rows at sides of arms and disk. Those of the median radial portion of arms and 
center of disk without regular arrangement, and smaller and not uniform as to size. Bases of paxilhe, 
or abactinal plates, are of different sizes, roundish, and spaced. Papular pores conspicuous, arranged 
irregularly about the plates, and in 2 series between the lateral abactinal rows of paxilhe, to which 
region they are confined on the outer half of ray. Actinal interradial areas small, paved with small, 
roundish plates, a single series of which extends far along ray, but beyond the fourth inferomarginal 
these plates are only rudiments attached to edges of marginals. Actinal intermediate plates are 
covered with a compact group of delicate spinelets. 

Adambulacral plates are massive, with convex or angular margin to furrow. Armature consists 
of (1) a furrow series of a few stout spinelets flattened and blunt, and (2) on the actinal surface many 
slender spinelets arranged in 5 or more irregular, longitudinal rows. Usually about 6 of these spine- 
lets are grouped into a pedicellarian apparatus near the inner, aboral corner of the plate. Ambulacral 
furrow wide, the tube-feet without suckers. 

Superambulacral plates present, slender, but well developed. 

Mouth plates prominent, with about 3 series of actinal and 1 of marginal spines. Actinostome 
fairly large. 

Madreporic body moderately large, situated about its own diameter from the margin. Striations 
numerous, irregular, radiating from an eccentric point. 

This genus is characterized particularly by the structure and armature of the marginal plates. It 
is probably nearly related to Astropecten but differs from that genus in the peculiar, very tumid, infero- 
marginal plates and the reduced superomarginals, which, on the outer part of the ray, are almost 
abortive. The fascioles are much reduced in size and are quite unlike those of Astropecten. Indeed, 
the structure of the inferomarginals reminds one more of Persephoncuter, to which the abactinal 
integument also is similar. Young of Tritonarter resembles Astropecten superficially, as might be 
expected, but the peculiar characters are greatly intensified in the adult. The presence of a series of 
rudimentary actinal intermediate plates, between the adambulacrals and inferomarginals (really 
attached to the actinal edge of the latter) , is, I believe, also a character of generic importance. 

Tritonaster craspedotus, new species. 
PI. viii, tig. 4; pi. IX, flgs. 1, la-k; pi. xi, fig. 1. 

Rays 6. R=61 mm; r=12 mm. R=5 r. Breadth of ray at base, between first and second 
superomarginals, 13.5 mm. 

Rays moderately long, flexible, fragile, tapering continually and gradually from base to a sharp 
point. Interbrachial arcs acute but rounded. Disk rather small. General form depressed and flat, 
the marginal plates forming a beveled edge to ray, except in interbrachial arcs, where the sides are 
perpendicular. Abactinal area subplane, thin, capable of being inflated or depressed. In some 
specimens* it is often so depressed that the inner ends of the ambulacral ridges form 5 humps on disk. 
Actinal area is plane. Ambulacral furrow takes up about a third the width of ray. Tube feet in 2 
rows, conical, without sucking disks. 

Abactinal paxillar area is not very uniform in character except at sides of area, where the paxillse 
are arranged in regular transverse rows and are uniform as to size; nor is the area at all compact. 
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Along median radial area of ray and central portion of disk, paxillae are not regularly arranged nor 
uniform in size. Paxilke are small, smallest in central portion of disk, and are widely spaced, giving 
considerable flexibility to the dorsal integument. The paxilke of the regular series are rather close 
together but the rows themselves are separated by nearly twice the diameter of a paxilla. The 
paxilke consist of a short pedicel or tabulum surmounted by from 4 to 20 very delicate, subequal 
spinelets, either coordinated into a compact group, or with outer spinelets diverging. Scattered in 
among the larger paxillae are many small, intermediate ones, with from 4 to 10, usually coordinated, 
spinelets. The diversity in size of paxillae give to this species a very characteristic appearance. 
Papular pores are fairly large and numerous, and surround the paxillae in a series of 4 or 5; arranged 
in regular double rows between the lateral regular series of paxilla;; not numerous toward tip of rays. 

Superomarginal plates, about 28 in number from interradial line to tip of ray, are very much 
smaller than inferomarginals, except the first 4 or 5 in interbrachial arc, which are only slightly 
smaller. They decrease rapidly in size toward tip of ray, much more rapidly than inferomarginals, 
the latter with their armature of long delicate spines forming the border of ray. In interbrachial art* 
the height (or width) of superomarginals equals length, and by the ninth plate the width has so 
decreased that it equals only one-half the length. The plates further decrease to mere bands, or ossicles 
placed end to end, forming an inconspicuous border to the paxillar area (pi. ix, figs. 1 h-j). All are 
somewhat tumid. Margin of plate toward paxillar area is slightly convex, and owing to tumidity is 
raised slightly above the level of the area. Plates are covered with tiny, uniform, very delicate, clo>e- 
set, papilliform spinelets, giving a velvety texture to the surface. Each spinelet is slightly clavate, 
blunt. Membranous investment is invisible. The first 10 superomarginals each bear a delicate, 
tapering, sharp spinule on the inner margin, placed rather nearer the aboral than adoral end; those of 
first 2 plates short, becoming longer on following 4 or 5, then short again. All are very fragile and 
none are as long as their respective plates. 

Inferomarginals correspond to superomarginals in number, and encroach upon actinal surface 
more than do the superomarginals upon abactinal. Actinal margin of plate is convex, abutting againrt 
adambulacrals throughout the greater part of the ray, as the actinal intermediate plates are quite 
inconspicuous. Plates are set obliquely to long axis of ray; very tumid, the lateral portion being 
raised into a conspicuous boss, so that when viewed from either above or below the margin of ray appears 
to be deeply scalloped, the summit of the bosses being fairly acute, the sulcuses between angular. Each 
boss is surmounted by a comb of remarkably long, slender, delicate, tapering, slightly curved, sharp 
spines, appressed closely to side of ray, those of outer half of ray extending obliquely over, and renting 
on, the abactinal area. On first and second inferomarginals the tumidity is not so pronounced as on 
the rest, and the spines are shorter. On first plate there is a dorso-ventral series of 4, rather widely 
spaced, the uppermost but one being longest, which when bent upward reaches the middle of supero- 
marginal. Occasionally only 3 short spines are present. On second plate is an oblique series of 3 or 4 
spines, exceeding the plate in length, with usually 1 or 2 odd spines set close to and on aboral Hide of 
the 2 upper members, and an odd spine on ventral margin. On third plate is an oblique series of 4 
(3 to 7) spines, situated nearer upp^r margin of plate, the lowermost 3 spines being longest (3-5 mm. i. 
From fourth to eighteenth or nineteenth plates the usual number of spines is 6 to each comb (5 in 
small specimens), varying on some plates to 5 and rarely to 7. Owing to the rapid reduction in the 
size of the superomarginals, the series of spines moves more and more abactinad, so that on the outer 
two- thirds of ray the bases of most of the spines can be seen when the specimen is observed directly 
from above. The longest spine is usually second from bottom of Beries, and the uppermost is shortest. 
The spines reach their maximum length about two-thirds the distance from base of ray, where the> 
attain 7 mm. in length (about one-ninth of R), and are fairly long to within 5 or 6 plates of tht* 
extremity. General surface of plates is covered with minute papilliform spinelets, similar to those of 
the superomarginals, but a trifle longer on lower portion of plates. 

Adambulacral plates are massive, set obliquely, with an angular margin to furrow; slightly wider 
than long in basal half of ray; longer than wide in distal half. Armature rather crowded and sonu»- 
what variable; in general as follows: (1) A furrow series proper of 3 long, diverging spinelets, the 
median longest and much flattened, saber-like, the edge to furrow. The lateral spinelets are alsr 
somewhat compressed at base. With these are usually associated 2 actinal spinelets, 1 at either end 
of the series, which are really the lateral members of the first actinal series but on account of the 
extreme angularity of the furrow margin appear to belong to the furrow group, and toward the extrem- 
ity of ray the distal most spinelet of the second actinal series also stands on the furrow margin, making 
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6 in all. (2) Actinal spinelets of plate, 15 to 30 in number, decrease in length from the furrow toward 
the marginal plates. There are 3 fairly regular longitudinal series in the inner half of plate. At base 
of ray the first series has 3 or 4 spinelets, the second 3 to 5, and the third about 4 or 5. On outer por- 
tion of ray the spinelets are rather more numerous. Besides these, on the outer half of plate is a 
variable number of smaller spinelets, not regularly arranged. Many plates have 5 or 6 spinelets, usu- 
ally on the aboral side, arranged in a definite, conical, pedicellarian apparatus. 

Actinal interradial areas are small, paved with small, roundish plates, the series of which, in a 
rudimentary condition, extend about two-thirds the length of ray (to twelfth or fifteenth inferomar- 
ginal). In interradial areas the plates are arranged in series extending from inferomarginals to adam- 
bulacrals, and the number of series, with the number of plates in each, is as follows: First inferomar- 
ginal, 3 series, 5, 4, and 3 plates, respectively; second inferomarginal, 2 series of 2 plates; third 
inferomarginal, 2 plates adjoining sixth and seventh adambulacrals. Beyond this point intermediate 
plates become rudimentary, 1 or 2 being fastened to the lower border of each inferomarginal. Arma- 
ture consists of long, delicate, slender spinelets disposed in a group similar in all respects to those of 
adjacent portions of adambulacrals. Spinelets on those plates nearest interbrachial arc are shorter, 
resembling more nearly the spinelets of adjoining inferomarginals. 

Mouth plates are elongate, the united pair ovoid, prominent, broadest toward actinostome. 
Armature conspicuous and irregular, as follows: (1) A marginal series of about 6 short, blunt, usually 
somewhat flattened spinelets, which, with those of the companion plate, form a compact, crowded, 
fan-shaped group at each mouth angle, the angular space between the meeting series being filled with 
similar spinelets. (2) On actinal surface a superficial series bordering the suture, stout, short, flat- 
tened, with rounded, truncate or flaring, leaf-like tips, and narrowing at base; this sort confined to 
the inner half or two-thirds of plate, the outer portion of series being composed of slenderer, flattened, 
sharp spinelets. Innermost 2 or 3 spinelets of superficial series are often enlarged to form teeth (a, 
fig. I e, pi. ix ), which are flattened, oblanceolate, blunt, or truncate. The edge of the plate toward 
actinostome is angular, like the adambulacral plates, so that the marginal series of 6 or 7 spinelets 
(6, fig. 1 e, pi. ix ) is also angulated, and is continued along the border adjacent to the first adambu- 
lacral as a series of weaker and smaller spinelets. Between this and the superficial series are 2 more 
or less irregular rows of similar but larger spinelets placed parallel to the former and increasing in 
length toward the inner end of plate. 

Madreporic body is fairly large, situated about its own diameter distant from margin; striations of 
medium coarseness, radiating from an eccentric point. 

Color in alcohol bleached yellowish to whitish; in life, unknown. 

Localities: Type (no. 21148, U. S. National Museum) from station 3918, 8 miles southwest of 
Honolulu, 294-257 fathoms, white sand and mud; bottom temperature 44.5°. Taken also in this 
vicinity at station 3914,^289-292 fathoms, gray sand, mud; and at station 3919, 257-220 fathoms, gray 
sand; 16 specimens taken in this cruise. Cruise of 1891: Station 3473, south coast of Oahu Island, 313 
fathoms, fine gray sand; 1 specimen. 

This peculiar species was taken only in a very limited area off the south coast of Oahu Island. It 
is readily distinguishable by its delicate paxillar area, small superoinarginal plates, and especially by 
the remarkably tumid inferomarginals with their armature of long, exceedingly delicate, slightly 
curved spines. 

The stomach contents of several specimens included small gastropods, pteropods, ophiurans, young 
sea-urchins, ostracod and macruran crustaceans, and small worms in tubes. 

Genus PSILA8TEB Bladen. 

P&ilaster Sladen in Narr. Challenger Exp., vol. v, 1885, p. 611. Type, Attropecten andromeda Mflller and Troechel. 

Psilaster attenuatus, new species. 

PI. in, fig. 3, 3a-d; pi. vn, fig. 4; pi. vm, fig. 1. 

Rays 5. R=107 mm.; r=17.5 mm. R=6 r. Breadth of ray at base (between second and third 
superomarginal plates) 18.5 mm. 

Rays elongate for genus, rather narrow, with a relatively narrow base, thence gently tapering to 
a slender sharp extremity. Interbrachial arcs acute, but sharply rounded. Disk relatively small. 
Abactinal area plane; actinal area plane; disk capable of slight inflation. 
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Abactinal paxillar area is rather uniform in. character, but not very compact, except in center of 
disk, the paxilhe being spaced so that the papulae may be detected between them. The latter are 
crowded into rows between the regular transverse liaes of paxillae. Along a very narrow median line 
on each ray, where paxillae are not regularly placed, the papulae are wanting, and they appear to be 
absent also from center of disk. Paxil lee are rather small and decrease slightly in size toward median 
radial line, extremity of ray, and center of disk. Each paxilla consists of 2, 3, or 4 central papilliform 
spinelets surrounded by a peripheral series of 7 to 10 similar spinelets. The latter may radiate like 
the petals of a flower, or the whole form a coordinate group. The more numerous paxillae posse:* 
about 2 central spinelets and 7 to 9 marginal ones, while the largest may have upward to a dozen mar- 
ginal spinelets. In specimens from off the south coast of Oahu, which differ slightly from the type, 
the paxillae are usually more crowded and the spinelets form a coordinate group, giving the abactinal 
surface a much more compact appearance. In proportion to size of animal the paxilla; of these speci- 
mens are a trifle larger than the type, but the number of spinelets does not appear to average greater. 

Supermarginal plates, 57 in number from the interradial line to extremity of ray (or 60 in largest 
specimens, with R=120 mm.), form a somewhat rounded bevel to margin of ray. Plates short and 
high (or wide), the longest being the tenth to fifteenth from the interradial line. Each plate has a 
specialized ridge, the ridges of consecutive plates being separated by rather narrow transverse fasciolar 
grooves, for the most part obscured by crowded papilliform spinelets. It is the exposed, very slightly 
tumid face of these ridges which forms the outer or exposed face of the plates on the dorsolateral 
face of the ray. The plates are covered with crowded, short, papilliform spinelets, each of which is 
invested with a membranous sheath. On the outer two-thirds of the ray (beyond the eleventh or 
twelfth superomarginal) each plate has 1, 2, or sometimes 3, short, delicate spinules placed in a median 
transverse row at about the middle of the plate. The spinelets surrounding thece are flattened or 
8quamiform. The spinelets lining the sides of the fasciolar grooves are very much slenderer than 
those of the exposed surface of the plates, the latter being much more crowded about the edges than 
in the center. 

Inferomarginal plates correspond exactly to the superomarginals, and form an abruptly rounded 
margin to actinal area. When the ray is viewed from side the whole height of supero and inferomar- 
ginal plates can be seen. Inferomarginals are considerably higher (or wider) than long, and like the 
superomarginals possess an especially elevated ridge, the successive ridges (the exposed surface of the 
plates) being separated by fasciolar grooves filled with papilliform spinelets. Plates are covered with 
crowded spinelets, similar to those investing the superomarginals, which increase slightly in size 
toward the actinal intermediate plates. Each plate carries a row of 3 flattened, tapering, sharp spine*, 
directed obliquely upward and toward end of ray. These are placed in a median dorso-ventral line, 
the middle spine being longest (in length equaling 2 inferomarginal plates, or their exposed surface*!. 
All 3 are closely appressed to the ray. On outer third of ray there are qnly 2, the upper spine 
being absent. On the proximal 2 or 3 inferomarginals there are usually only 1 or 2 spines, reduced in 
size. A few of the largest specimens possess a series of 4 spines on the more proximal inferomarginal?, 
but the number is usually 3. In the specimens from the south coast of Oahu, already alluded to, the 
spinelets covering both supero and infero-marginals are more thickly covered with membrane, appear 
more fleshy, and tend to be more squamiform. Those of the inferomarginal plates are particularly 
soft. They increase in size actinally, on the lower part of the plate being rather larger than the 
papillae of adjacent actinal intermediate plates. 

Adambulacral plates massive, about as wide as long, with an angular margin to furrow. The 
plates are separated by fairly conspicuous suture*, forming shallow grooves usually continuous with 
the fasciolar grooves between the marginal plates. Adambulacral armature as follows: (1 ) A furrow 
series of 7 or 8, occasionally 9, rather long, flattened, blunt spinelets, the central ones being very 
slightly the shortest. These spinelets are so arranged that about 4 are placed along either side of the 
angular margin. The median 2 or 3 spinelets are compressed so that the edge is toward the furrow, 
but the lateral ones present their flattened face thereto. Considerable of the flattening, which is 
more pronounced at the base of the spinelets, is due to the membranous envelope of each. (2) The 
remaining spinelets, more or less grouped and 10 to 15 in number, form a rather compact group on the 
actinal surface. They are tapering, blunt, and are usually disposed in 3 irregular longitudinal rows. 
These actinal spinelets are often thicker than the marginal series, and are invested with a rather pulpy 
membranous sheath, which frequently flattens in the outer spinelets of plate (especially in specimens 
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from off the south coast of Oahu). When the membranous investment is removed from any "of the 
spines they are seen to be delicate, slender, and pointed. 

External to each adambulacral plate is a small intermediate plate (or a transverse series of 2, 3, or 
more), the longitudinal series of which extends along the ray to about the fortieth adambulacral, and 
thirty-sixth inferomarginal plate. This series is a continuation of the small roundish or elliptical plates 
covering the actinal interradial area. The number of intermediate plates opposite each adambulacral 
and extending interradially, or transversely to the corresponding inferomarginal, is as follows: One 
small unpaired interradial intermediate plate adjacent to outer end of mouth plates; first adambulacral, 
4 (the series not reaching as far as inferomarginals); second and third adambulacral, 7 (series meeting 
first inferomarginal; fourth and fifth, 4 or 5; sixth, 4; seventh to fourteenth, 3; fifteenth to twenty- 
fourth, 2; twenty-fifth to fortieth, 1. In young specimens these plates are naturally fewer in number. 
New plates are added adjacent to the inferomarginals. The armature consists of small, blunt papilli- 
form spinelets, grouped or arranged in a double, longitudinal series. They are similar but slightly 
smaller than adjacent spinelets of the adambulacral plates. All are characterized by a soft membranous 
investment or sheath. 

Mouth or dental plates fairly prominent actinally; narrowly ovoid; rather elongate with a regular 
armature, consisting of a single line of stout, slightly flattened spinelets with rounded or trun- 
cate tips, arranged along margin of plate adjacent to the interradial suture. On outer free margin 
of plate, placed higher than the first series, is a second series of smaller, truncate, flattened spinelets, 
closely appressed to the outer side of the superficial series. Innermost spines of the superficial series 
stouter, longer, and more flattened than the rest, forming at each mouth angle two prominent teeth, 
with which are also associated two smaller spines of the second series. There is considerable variation 
in the relative size of these 4 teeth, but the lateral are much smaller and weaker than the median 
pair.. They are usually directed away from the actinostome, appressed against the adjacent spines of 
their respective series, and are hence very inconspicuous. Space between the superficial series of 
companion plates fairly wide. 

Madreporic body small, situated near margin, about two-thirds the'distance from center of disk to 
inner edge of the superomarginal plates. Striations coarse in adult individuals, beset with scattered 
tubercular projections; the latter often nearly absent. 

Color in life: Abactinal paxiliar areas brick red on the disk, shading into vinaceous rufous on 
arms, and finally to orange rufous at extremity of arms; superomarginal plates pinkish buff, shading 
into pink on the actinal surface; tube-feet raw sienna. Young individuals pinkish; marginal plates 
nearly white. Color in alcohol deep brown to dirty yellowish white; young, bleached yellowish. 

Variations: With one exception, most of the variations are of a very minor nature, and can easily 
be accounted for by the difference of size or age. -There is, however, a group of specimens from off 
Diamond Head on the south coast of Oahu Island which have already been alluded to in the foregoing 
description; all these specimens are characterized by shorter and thicker rays (as compared with the 
disk) than those possessed by the type, and the paxillse seem to be just a trifle larger and are more 
crowded, giving the paxiliar area a more compact appearance; the spinelets of the marginal plates are 
fleshier and more squamiform. This form can be separated at once from the typical specimens 
throughout all the stages of growth, as shown in the accompanying figures. (PI. xlix, figs. 2 and 3.) 
None of the thick-rayed form were taken among the 150 specimens from off West Maui and the 
Pailolo Channel, but two apparently (almost) typical specimens were taken off Diamond Head, in the 
same general locality as the thick-rayed variety. The' latter appears too slightly and insecurely sepa- 
rated from the typical form to warrant a specific name. Neither is it possible to bestow a trinomial 
designation upon "this well-marked 'variety 1 " as some recent writers might be willing to do. Until 
something more definite is known concerning the different phases or variations (often quite constant 
and occurring in the same locality) which starfishes are known to exhibit, it seems somewhat ill- 
advised to pervert the trinomial to such uses. These forms can not be considered as subspecies, at 
least not in the sense in which ornithologists understand the term, for they are not equivalent to 
geographical races. 

Young stages: The young are considerably different in general appearance from the adult. The 
smallest specimen has R=9 mm., and r =3 mm. The smallest of the thick-rayed variety has R=9 mm. , 
and r=4 mm. The small specimens are therefore characterized by shorter and broader rays than the 
adult, few marginal plates, relatively large ocular plates, which bear 3 minute spinelets, less compact 
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paxillar area, fewer spinelets to the paxilbe, only 2 weak spinelets on the inferomarginal plates instm > 
of the series of 3 of adult, no trace of an enlarged spinuleon the superomarginals. The spinelets of tht- 
paxillse radiate, forming beautiful rosettes, and are not clustered in a bunch as is usual in large exam- 
ples. There are 3 to 5 of these spinelets, representing the marginal series of the adult, the centra 
spinelets being absent. The teeth are much more prominent in little specimens. The tran«ti< : 
between this and the adult is represented in the collection. The general fades of the adult is reach*-! 
when the creature has attained a major radius of about 55 mm., at which age there are something ov<-r 
40 supermarginal plates. The immature specimens all have a low epiproctal hummock or cone, ver 
pronounced in the little examples, but wholly absent in the fully adult forms. As mentioned in th- 
previous paragraph, all the stages of the Oahu specimens have thicker rays than the typical form. 

Localities: Type (no. 21149, U. S. National Museum) from station 4095, northeast approach :• 
Pailolo Channel, between Maui and Molokai islands, 290-286 fathoms, brown mud, fine sand, an : 
globigerina; bottom temperature, 43.9° F. As detailed in the following table, the specimen** wt-rt- 
taken either from the northeast approach to Pailolo Channel (which separates Molokai from Maui 
or in practically the same locality farther out, to the north of western Maui; or they were dredgt- ' 
off the southern coast of Oahu, most of the latter being not quite typical. The longitudinal distribu- 
tion of Psilaster attenuatus extends from 256 to 337 fathoms, the most favorable depth for lanrr 
specimens being in the neighborhood of 290 fathoms. The nature of the bottom varies, specimen- 
having been taken in globigerina ooze and mud, fine volcanic sand and rocks, gray mud and fine eanu, 
sand and shells, fine gray sand, brown mud and fine sand with globigerina. 

Record of localities. 



Station. 


Locality. 


Depth. Nature of bottom. 


8865 
8866 


Northwest approach to Pailolo Channel, between Maui and 

Molokai islands. 
do 


Fathom*. 
256-283 Fine volcanic sand and rocks. 

283-284 | Gray mud, fine sand. 
284-290 | Fine sand, mud. 


8867 


do 


3883 


do 


277-284 i Globigerina ooze. 
284-290 Globigerina mud. 
804-308 1 Fine white sand and mod. 
308-322 > Do. 


8884 


do 


3908 


South coast of Oahu Island 


3909 


do 


3910 


do 


311-337 , Fine gray sand, mud. 
337-334 | Do. 


3911 


do 


3916 


do 


299-830 Do. 


3917 


do 


330-294 1 Do. 


3918 


do 


294-257 j White sand, mud. 


4086 


North coast of Maul Island 


283-308 Rand. rIipIU. 


4087 


do 


308-306 
306-297 
297-304 
304-308 
308-806 
290-286 
272-286 


Fine gray sand. 
Do. 


4088 


do 


4089 


do 


Do. 


4090 


do 


Do. 


4091 


do 


Do. 


4095 


do 


Brown mud, fine sand, globifrerin* 
Fine gray sand. 


4096 


Northeast approach to Pailolo channel 







In December, 1891, the Albatross made a few dredge hauls off the south coast of Oahu ar.-l 
secured about 60 specimens, the greater number of which are typical. They were taken at station* 
3470, 343 fathoms, white sand; 3471, 337 fathoms; 3474, 375 fathoms; 3475, 351 fathoms (four-fifth? ft 
the specimens) ; 3876, 298 fathoms. 

This species, of which about 230 specimens have been examined in all stages of growth, is one ot 
the commoner forms of the medium depths. It is characterized by the long graceful rays, and by the 
form of its paxillae and the armature of marginal and adambulacral plates. It is most nearly relate.!, 
among forms already described, to Pxilaster acuminatus Sladen, which has been taken northwest if 
Port Hardy, New Zealand, and Simons Bay, Cape of Good Hope. It differs from Sladen' a specie- 
principally in having longer and slenderer rays, in the covering of the marginal plates, and to a le>- 
extent in details of paxillae and adambulacral armature. The rays of attenuatus are even longer 
relatively than those of gracilis; gracilis, however, is widely different from attenuatus. 
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Genus P8ILA8TEB0P8I8, new. 

Type PtilasteropsU cingulata, new specie*. 

Disk small; rays long, robust, and tapering to a pointed extremity. 

Marginal plates massive, conspicuously encroaching on both abactinal and actinal areas; slightly 
or strongly tumid. Surface of plates covered with squamules, becoming papilliform in groves between. 
Superomarginal plates devoid of large spines or tubercles; inferomarginals bearing a series of short 
tapering spines, disposed more or less obliquely and closely appressed to ray. 

Abactinal area covered with compact paxillse, composed of papilliform spinelets grouped in a 
coordinate bunch on a thick pedicel. Arranged more or less regularly in transverse rows at sides. 
Abactinal plates (bases of paxillae) roughly hexagonal, placed rather close together. Papulae 
conspicuous, arranged around each plate. They are scarce toward extremity of rays and center of 
disk. 

Actinal interradiai areas small, with small intermediate plates which extend only about one- third 
the length of ray. Intermediate plates ail bear groups of papilliform spinelets, which are sometimes 
grouped to form an incipient pedicellarian apparatus. 

Adambulacral plates massive. Armature consists of (1) a furrow series of numerous, rather 
delicate, subequal, long, uniform spinelets -forming a regular, straight-edged comb; (2) on the actinal 
surface of the plate 2 or 3 irregular longitudinal series of shorter, cylindrical spinelets. These are 
sometimes grouped to form a conical pedicellarian apparatus on plates near base of rays. Tube feet 
without sucking disks, large, in 2 rows. 

Madreporic plate of medium size, situated rather nearer margin than midway between it and 
center of disk. 

A tiny pore, anal in position, is apparently present. Superambulacral plates present, well- 
developed. 

This genus is erected for the reception of a species which differs in several essential points from 
true Psilasttr; namely, in the more massive and distinctly tumid marginal plates, very much reduced 
fasciolar channels, the more restricted actinal intermediate plates, which do not extend far along the 
ray, in the regular and more numerous furrow spines of the adambulacral plates, in the large paxillae 
which are tabulate, and which give to the abactinal surface a very characteristic appearance. In this 
genus should be ranked, alsq, Psilatter patagiaius Sladen, which, however, differs from c'mgulata in 
having incipient excavate pedicellarian on the superomarginals and in the armature of the mouth 
plates. The general facies ol the two species is much alike. Mr. Sladen, in describing PsiLaster 
patagiatus, expressed serious doubts as to the propriety of referring that species to the genus Psilaster, 
and now that a second, similar, well-marked form has been found on the opposite side of the globe, 
it becomes doubly necessary to segregate the forms. 

Psilasteropsis cingulata, new species. 

PI. Ill, figs. 2, 2 a-b; pi. VII, figs. 1, 2, 3; pi. vin, fig. 2. 

Rays 5. R=95 mm; r=18 mm. R=5 r-K Breadth of ray near base (between second and third 
superomarginal plates) 18 mm. 

Rays long, fairly narrow at the base, gently and gradually tapering to an acute tip. Disk small. 
General form somewhat flat and depressed. Sides of ray nearly perpendicular. Abactinal surface 
plane; actinal nearly so. Interbrachial arcs acute but well rounded. 

Abactinal paxillar area is depressed slightly below the level of the superomarginal plates and 
extends to the tip of the arm, but is usually greatly reduced in width on the distal third of the ray, 
being only about as wide as the furrows between the superomarginals of that region. Width of paxil- 
lar area at base of ray (between second and third superomarginals) 12 mm. Paxil lae are larger in the 
center of ray than on side, but are smaller in center of disk. They are subcircular in outline when 
regarded from above, short, composed of a short cylindrical basal ossicle surmounted by delicate 
cylindrical spinelets in a coordinated group. In the larger paxilke a peripheral circle of 15 to 25 spine- 
lets surrounds an irregular central group of about 15. Instead of flaring, the marginal row usually 
stands perpendicularly, or inclines inward against the central group, giving the paxillar crown a very 
compact appearance. Spaces between paxillae are conspicuous, allowing the small papulae to be clearly 

F.C.B.1903,Pt.3— 17 
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visible; the latter are arranged irregularly in a circle of 6 or 7 around each paxilla. Along the margin 
of dorsal area the paxillse are arranged in definite transverse rows, but no order is distinguishable 
along the median radial line or in center of disk. 

Superomarginal plates, 33 in number (varying from 30 to 37 in different individuals) from the 
median interradial line to extremity of ray, form a well-defined, broad, and massive border to disk 
and rays. Each plate is strongly tumid along its transverse axis, so that a broad, rounded well- 
defined sulcus is formed between successive plates. The extreme tumidity of the marginal plates 
gives to this species a highly characteristic appearance. The superomarginals are longest (3.5 mm.) 
toward the base of ray — the third to twelfth plate. Breadth of fifth superomarginal 6 mm. Surface 
of plates covered with granules and delicate spinelets. Those of the transverse tumid portion are 
distinctly spaced, flat, roundish, squamiform, but not imbricating, tending to become larger on the 
abactinal surface; those covering transverse marginal regions of the plate are slender and delicate, 
giving the appearance of plush. They are longest in the bottom of the groove between the plates, 
becoming shorter toward the squamiform granules into which they pass insensibly. Under the 
microscope the latter sort are seen to be cylindrical, slightly swollen at the tips, and invested with a 
delicate membrane. 

Inferomarginal plates correspond exactly to superior series, and they encroach as much upon the 
actinal surface as do the latter upon the abactinal. They are tumid, the ridge passing obliquely from 
the middle of the superior margin toward the aboral ventral corner of plate. The upper half of this 
ridge beare a row of 4 slender, tapering, slightly flattened spines directed obliquely upward and 
outward and closely appressed to ray. The lowest but one is longest, being about one-third longer 
than its plate (except on the outer half of ray). These spines decrease in length toward the extremity 
of the ray, where the series is usually reduced to 3 with an occasional plate bearing 4. The first 5 plates 
usually bear 5, or sometimes 6 spinules. On the inner third of ray there may be 2 or even 3 short, 
more widely spaced spinules on the ventral portion of the ridge between the upper series and the 
ventral margin, situated rather toward the aboral edge of the plate. On the first 2 plates of each ray 
there is an extra spine or pair of spines on the adoral margin, on a level with the ventral series, the 
upper spine equalling the length of its plate, and in addition there is an odd spine placed close to, but 
out of line with, each of the 2 upper spines. General surface of inferomarginals is covered with 
papilliform spinelets, which become larger, flattened, and squamiform on the median tumid portion 
of the plate, and more robust toward the ventral margin. They are larger than the spinelets of the 
superomarginals. 

Adambulacral plates large and massive, about 50-54 to the ray, slightly longer than broad, and 
with a decidedly convex margin to furrow. Armature consists of a furrow series of 11 to 13 long, 
thin, delicate, laterally-compressed spinelets, standing subparallel or diverging slightly. The outer 
spinelets are usually slightly the longest, equalling length of plate. Tips of the spinelets form a 
slightly curved border to the comb. The usual number in the furrow series is 11, decreasing at the 
tip of ray to 9, or less; covered with delicate membrane. On actinal surface of the plate are 3 irregular 
longitudinal rows of tapering, membrane-covered, pointed spinelets, there being usually 6 in the first 
series, 4 or 5 in the second, and 3 to 5 in the third, with often 2 or 3 odd very short spinelets. In 
basal portion of ray these spinelets are prominent, and are nearly as long as those of the furrow 
series; they decrease in length and number toward extremity of ray. In the first 3 or 4 plates 5 or 6 
actinal spinelets may be grouped to form a pedicellarian apparatus. 

Mouth plates are elongate, rather narrow, and prominent actinally, the united pair being elliptical 
in outline. Their armature is somewhat peculiar, consisting of a marginal series of 9 stout, tapering 
spinelets shorter than the furrow spinelets of the adambulacrals, the median spinelets of each free 
margin being the longest of the series. About as many more smaller spinelets are continued along the 
margin adjacent to the first adambulacral. Along the margin of the median suture is a series of about 
16 stout, blunt, flattened spinelets which increase in length toward the inner extremity of the plate, 
the innermost spine being flattened, long, lanceolate, and directed with its fellow of the companion 
plate across actinostome. Between the marginal and superficial series is an intermediate series resem- 
bling the latter but with fewer spinelets. The peculiarity of the armature is that the intermediate 
and marginal series, rather closely appressed, continue above (abactinad) the level of the main tooth 
along the edge of the plate, curving in such a manner as to be directed not toward actinostome, but 
across the ambulacral furrow. This double series terminates on a level with and just outside the 
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outer edge of the peristomial membrane. The teeth are consequently a part of the superficial, not of 
the marginal series. This arrangement bears a striking resemblance to that found in Psilaster gracilis 
Sladen, but in other respects the two species are dissimilar. 

Actinal intermediate plates are confined to a small area in the interradial region, and extend 
along the ray as far as the seventh inferomarginal plate. They are arranged in regular series extending 
parallel with the interradial line from the inferomarginals to the adambulacrals. Opposite first 
inferomarginal there are 3 series, abutting against mouth plate and first three adambulacrals; between 
first and second inferomarginals, 1 series, meeting fourth adambulacral; opposite second inferomar- 
ginal, 1 series of 3 plates meeting fifth adambulacral; third inferomarginal, 2 series of 3 and 2 plates 
meeting sixth and seventh adambulacrals; fourth inferomarginal to seventh, a single longitudinal 
series of plates, the last 2 being rudiments. Actinal intermediate plates are armed with groups of 
npinelets shorter but otherwise similar to those of the actinal surface of adjacent adambulacrals. 
Plates frequently bear a spinule in the center, flattened, sharp, and tapering, which resembles those 
of the ventral series of the proximal inferomarginal plates. In one specimen these are entirely absent, 
and the spinelets here tend to group themselves into a pedicellarian apparatus. This is true also of 
many of the actinal intermediate plates of typical specimens. 

Madreporic body small, partially obscured by neighboring paxiilae; coarsely striated. It is 
situated about 3 times its own diameter from the inner border of the superomarginals, and nearly 
bisects the minor radius. 

Color in life: Abactinal paxillar area light dirty green; rest of arms light flesh pink; tube feet 
raw sienna. Color in alcohol, bleached yellowish or dirty white, brownish on paxillar area. 

Young: In an immature specimen in which R = 21 mm. and r = 6 mm., the supermarginal plates 
are 13 in number and very massive, almost obliterating the paxillar area of the distal two-thirds of 
ray. Paxil be have less numerous spinelets than in the adult, there being about 8 to 10 altogether. 
Spines of iuferomarginal plates of normal number, but shorter than in the adult. Terminal plate 
with 3 blunt papillae. Adambulacral spinelets of marginal series 8 or 9, the new spinelets being added 
at sides; spinelets of actinal surface in 2 rows. Actinal intermediate plates are fewer in number than 
in adult, the new plates being added next to inferomarginals and growing along ray, extending in this 
specimen only as far as fifth adambulacral. Mouth plates similar to adult, but with fewer spinelets, 
the teeth being very prominent. Membranous investment of ail spinelets relatively thicker than in 
adult. Another example (R = 48 mm., r = 9 mm.) is intermediate between the above and adult in 
nearly all respects except proportions. 

Variations: A specimen from station 3887 has rather broader rays than other examples, and the 
Buperomarginal plates encroach a trifle less upon the abactinal paxillar area. In another example, 
from station 4028, the spinules on the actinal intermediate plates are more frequent and longer than 
in the type. The spines of the inferomarginals are likewise more prominent, there being an additional 
spine throughout in the superior series; the inferior series extends farther along ray than in normal 
specimens, and its spinules are more prominent, forming a continuous series with the dorsally placed 
ones. Still another specimen (station 3995) lacks entirely the usual spines of the actinal intermediate 
plates, and the spinelets of these plates and of the actinal surface of the adambulacrals are relatively 
about half as long as those of the type, there being more plates which possess the specially grouped 
papilbe acting as pedicellarise. In choosing the type I selected a form which is most representative of 
the entire series in the totality of its characters. 

Measurements of adult specimens of Psilasteropsis cingulata, in millimeters. 



Major radius 

Minor radius 

Width of ray between second and third 

superomarglnal plates 

Breadth of paxillar area, same place 

Number of superomarginal plates 



95 ! 

18 , 



18 
12 



78 
15 

17 
11 • 
80 



80 


77 


88 


81 


16 


15 


17 


17 


17.5 


15.5 


17.6 


16.5 


12 


10 


12 


10 


32 


33 


33 


31 



19 ! 
13.5 | 
35 I 



90 
21 

20 
16 
30 



Localities: Type (no. 21150, U. S. National Museum) from station 3997, off Ukula Point, Kauai 
Island, 418-429 fathoms, fine pray sand, brown mud; bottom temperature 41°. Taken also at the 
following stations, 11 specimens in all. 
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Reeord of localities. 



I I ! 

Station. I Locality. I Depth. Nature of bottom. 



3824. 
3S87. 
3995. 
4028. 
4123. 



I 



"* ' ' FYtthoms. 

Sooth coast of Molokai Island 222-4W Coral rock, broken shells. 

North coast of Molokai Island M2-W9 , Globigerfna raud. 

Vicinity of Kauai Island ' 427-f»9fi Fine gray sand, rocks. 

do 444-47K Gray wand, globigerina. 

Southwest coast of Oahu Island 352-357 Fine gray sand and mud. 



This species is moat nearly related to Psilasteropsis jmtagiata (Sladen) from off the Cape Verde 
Islands, from which it may be distinguished by the following characters: The relatively longer and 
slenderer arms; more strongly tumid marginal plates; absence of incipient pedicellariae on superomar- 
ginals; larger paxilUe, with more numerous spinelets; relatively narrower pax i liar area; details of 
spinulation of inferomarginals; by the adambulacral armature; armature of the mouth plates, the last 
character showing a resemblance to mouth plates of Psilaster gracilis, which, also, is not a typical 

PtdlaUer. 

Genus DIPSACASTEB Aleock. 

Diptacastrr Aleock. Ann. N. H., ser. 6, vol. XI, 1893, p. 87. J. Asiat. Soc. Bengal, vol. LXir, 1893, p. 172 (no diagnosis). Type 
Dipmcasler sladtni Aleock. 

Dipsacaater nesiotes new species. 

PI. IX, figs. 3, 8a; pi. x, flgs. 2, 2a-b; pi. xn, flgs. 1, 2. 

Rays 5. R=89 mm., r=27 mm. R=3.3 r. Breadth of ray at base, between first and second 
superomarginals, 30 mm. ; between fifth and sixth 25 mm. (See under variations. ) 

General form flat, depressed; rays tapering arcuately from a broad base to a bluntly pointed 
extremity. Disk large. Interbrachial arcs wide, well rounded, involving the first few marginal 
plates. Actinal area subplane. Abactinal area capable of considerable inflation, the pax i liar area of 
rays often arched in such a way as materially to lessen the width of arm. Disk usually more or less* 
inflated, but the integument is quite flexible, and no 2 specimens are alike in this respect. When the 
abactinal paxillar area is considerably inflated, the animal has a less flattened appearance and the 
rays appear quite narrow. 

Abactinal paxillar area fairly compact, covered with paxillse arranged on either side of the median 
radial line in regular obliquely transverse series. These series assume an interradial direction on the 
disk. On the center of disk and along median radial line no regular arrangement is apparent. 
Paxillse are rather large, with a prominent pedicel w T hich is expanded into an irregularly circular or 
elongated base, and a subglobose crown covered with a compact coordinated group of very many small, 
delicate, cylindrical, bluntly-pointed, almost capillary spinelets. An average paxilla on a ray would 
have 30 to 40 of these spinelets, and the larger ones on the disk from 50 to 100. One of the largest 
paxillse on the madreporic body has 150. The spinelets are so compactly placed that it is almost 
impossible to count them accurately. Papular pores are generally distributed and are largest on the 
lateral portions of the abactinal area; papulae single. Anal opening conspicuous, surrounded by a 
membranous periproct. It is situated about 5 mm. from the center of disk. (See p. 1028, Anatomical 
notes. ) 

The marginal plates form an angular edge to ray, the inferior series extending laterally beyond 
the superior and defining the margin of ray. Superomarginal plates are oblong to subquadrate, are 
slightly arched, and form a conspicuous border to the abactinal area, to which surface they are wholly 
confined on the ray. In interbrachial arc the plates are oblong, shorter than wide, and their exposed 
surface stands at an angle of about 45° with the horizontal. On the ray they form a low, slightly 
arched bevel, and at first glance appear to lie in an almost horizontal plane. Their entire width can 
be seen when the animal is viewed from above. Superomarginals do not exactly correspond to 
inferomarginals on outer half of ray, so that the suture between the 2 series follows a zigzag course. 
Sometimes for a short distance the inferomarginals exactly alternate with the superomarginals. But 
the number of plates in the 2 series is the same (in type 33). Superomarginals uniformly covered 
with minute pointed spinelets. In one specimen about 4 enlarged granules, with several of inter- 
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mediate size, stand in a group in the center of each plate (which is more arched than usual). They 
seem to form an incipient pedicellarian apparatus. There is a trace of them on a small specimen, but 
they are evidently absent from 12 others. 

Inferomarginal plates encroach more upon actinal area than do the superomarginals upon the 
abactinal. They are wider than long, and the outer ends, which extend beyond superomarginals, 
form each a conspicuous boss armed with a group of short spinules. The plates are tumid along 
transverse axis, the summit of the elevation being along aboral margin and terminating in the outer 
armed end. Lateral spinules are slightly flattened, sharp, arranged in 3 close-set, irregular, oblique 
series on extreme margin of ray, and give a serrated appearance to the margin of arm, each tuft 
accentuating the tumidity of the abactinal end 
of its plate. They appear to be simply enlarged 
members of the numerous sharp squamules 
covering the general surface of the plate. 
There are deep fasciolar grooves between the 
plates of both series. 

Adambulacral plates are longer than wide, 
with a convex margin to furrow, which they 
overhang. Armature as follows: (1) A furrow 
series of 7 (sometimes 8) long, stout, much 
flattened, subacute or blunt, knife-like spines, 
their bases stout and united by a short web. 
Their rounded edges are turned furrow-wards, 
and in respect to the thickness of the blade 
they taper slightly toward extremity. The 
blades are broad. Central spines slightly the 
longer; the outermost spine, at either end of 
the comb-like series, about two-thirds to three- 
fourths as long as the succeeding spine. (2) 
Following the furrow series, and placed so 
closely that they are pressed usually against it, 
is an irregular semicircular row of from 3 to 5 
unequal tapering spinules, the longest never 
extending more than two-thirds the length of 
the adjacent furrow spine. The outer half of 
the plate bears about 12 to 18 small tapering 
spinelets similar to those of the actinal inter- 
mediate plates. They are arranged either in 2 
or 3 irregular longitudinal rows or are scattered. 

Mouth plates are rather large, prominent 
actinally. Armature consists of 9 or 10 large, 
flattened, blade-like, blunt or truncate spines 
very much larger than the corresponding 
adambulacral spines. They fornra graduated 
series, increasing in size toward the inner end 
of plate, where they are massive and prominent, the marginal series of 2 companion plates uniting to 
form, when expanded, a fan-shaped horizontal comb of about 20 teeth. Actinal surface of plate is 
covered with stout papilliform spinules, very similar on the outer end of plate to those of adjacent 
ventral intermediate plates. They increase in length toward the inner angle, where there are 2 or 3 
spinules considerably larger than the rest. 

Actinal interradial areas are large, paved with rather large plates which extend in regular series 
from inferomarginals to adambulacrals. In a specimen with 39 inferomarginals the intermediate 
plates extend as a single series as far as the twenty -eighth, or within 15 mm. of the tip ( R = 84 mm. \. 
A second series, smaller than that adjacent to the adambulacrals, extends to the fourteenth inferomar- 




I;* 

Mi 




Dipmcaster nesiotes. View of ccelomic side of abactinal surface 
of one arm, showing arrangement of gonads, x 2; ir, inter- 
radial line. 
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ginal, 01 about one-half the length of ray. A third eeriee extends to the seventh, or one-fifth lergv 
of ray. Between first and seventh plates the longitudinal series multiply rapidly. Regarding tt~ 
plates in series extending interradially, those opposite mouth plates and first 2 adambulacrals arv 
irregular. Actinal surface of the plates convex, not raised into an abrupt and prominent keel a* ii 
some species of the genus; the convexity is most marked near the inferomarginals. Plates bear a 
crown of uniform, blunt, papilliform spinelets, often flower-like in appearance. On rays these spin*- 
lets tend to become slenderer. Very shallow grooves are present between the plates, roofed over !* 
spinelets. 

Madreporic body is very large (7 mm. in diameter) and is situated slightly nearer the margin thai 
midway between it and center of disk. It is concealed by large paxilbe, there being actually on it- 
surface about 18, one of which is much larger than the rest. Outline of madreporic body is subcir- 
cular, but the rim is irregularly scalloped. 

Color in alcohol bleached brownish or yellowish. Color in life probably deep yellow, but was n- •- 
recorded. 

Young: The smallest specimen of this species (R = 18 mm., r = 7.5 mm.) differs somewhat froiu 
the adult, chiefly in having relatively shorter rays (superomarginals 18) and less prominent inferr- 
marginals. These do not extend conspicuously beyond the superior series, the latter being m< in- 
arched than in the adult. The inferomarginal spinules are not yet developed, the plate being crowds 
with rather minute, papilliform, sharp spinelets. Paxilbe have the adult character, but are mu«± 
smaller. Inferomarginal spinules have appeared in one specimen with R = 34 mm. 

Anatomical notes: In this species the gonads extend out into the ray, and are arranged in a longi- 
tudinal series on either side of the median radial area, depending from their respective rachides like a 
row of digitate glands. The largest of the genital tufts is near the interradial line, and they gradual]} 
decrease in size distad, the series ending just beyond the middle of the arm (see text figure). Thi- 
arrangement of the gonads also obtains in D. eximiu* Fidier, a very distinct species from California, 
and although not mentioned by the describer, I believe it will also be found to hold true for Dipmmuie* 
dadeni and D. pentagonalia Alcock. Possibly the group to which dadeni, the present species, and that 
from California belong may be subgenericafly different from pentagonalis. Judging from the figures, 
the adambulacral armature of the last species is considerably different from the present species. 

The anal aperture opens directly from a single sac-like intestinal ccecum, which lies in the interra- 
dius to the left of that occupied by the madreporic body. This sac, the total length of which i> 
about two-thirds the minor radius, has a single small pocket-like branch at one side. A short 
intestine joins the larger sac with the dorsal stomach. The aperture of the intestine into the sac > 
very nearly beneath the anus, but is separated from the latter by a broad fold of the wall. Mr. Alcoek. 
in describing Dipsacaster dadeni (Ann. N. H., ser. 6, vol. xi, p. 87, pi. v), states that the anal pore i* 
not in connection with the intestine, and includes this as a character of the genus. Inasmuch as the 
present species is very closely related to dadeni, and consequently undoubtedly a DiptacaMcr, tha? 
character can not be regarded as of generic importance. 

Superambulacral plates are feebly developed, and do not extend far along the ray. They are 
apparently absent from the first few ambulacral plates. 

Localities: Type (no. 21151, U. S. National Museum) from station 3916, south coast of Oaho 

Island, 299-330 fms., gray sand and mud; bottom temp., 44°. Taken also at the following station*. 

in all, 13 specimens: 

Record of localities. 



8 tat ton. 



3867.. 

3884., 
3908. 
8910. 



Locality. 



Northeast approach to Paijolo Channel, between Maui and 
Molokal Islands. 



.do. 
.do. 



South coast of Oahu Island . 
....do 



Depth. 



Fathom*. 
283-284 

284-290 
284-290 
304-308 



Nature of bottom. 



Gray mud, fine sand. 

Fine sand, mud. 
Globigerina mud. 
Fine white sand and mud. 
Fine gray sand and mod. 



This species is most nearly related to Dipsacaster dadeni Alcock. It differs in the marginal platt?-. 
which do not correspond on the outer third of the ray, but alternate; in the armature of the infero 
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marginals; in the arrangement of spinelets on the actinal surface of the adambulacral plates, and 
especially in the actinal interradial plates, which are not strongly carinated, as in aladenu The dorsal 
stomach in nesiotes is connected with the intestinal coecum by a short intestine, but is not in sladeni. 
Dipsacaster dadeni was dredged in the Andaman Sea, 250 fathoms. 

(tonus PATAQIABTER, new. 
Type Patagiaster nuttingi, new species. 

General form, character of rays, and disk as in Dipsacaster. Marginal plates also similar except 
that in the interbrachial arcs and on the basal portion of rays the inferomarginal spines form a trans- 
verse series instead of being mostly crowded at the abactinal end. 

Abactinal surface very compact, the pax i lite much larger than in Dipsacaster, more crowded. They 
are flat-topped and have a central group of about 15 to 40 granules surrounded by a very numerous 
and regular marginal series of elongated granules, the whole resembling a composite flower. In 
Dipsacaster the paxillse consist of many capillary spinelets in glomerular tufts on a slender pedicel, 
and have a quite different fades. 

Papular pores absent from median radial portion of rays, and from center of disk. They do not 
extend beyond the madreporic body any distance toward center of disk. In Dipsacaster the papulae 
are very numerous and generally distributed. 

Actinal interradial areas large. Actinal intermediate plates, adambulacral plates, mouth plates, 
and their armature essentially as in Dipmcatter. 

Superambulacral plates present, reduced to the basal half of ray. Anal opening present; connec- 
tion as in IHpsacaster nesiotes. Gonads confined to interradial areas, not forming a longitudinal series 
along either side of the dorsal integument of ray. 

Madreporic body large; hidden by paxillse as in Dipsacaster. No pedicellarise. 

This genus is erected on the strength of the following characters: Distribution of gonads; distri- 
bution of papulae; character of abactinal paxillse. In these respects it differs from Dipsacaster. From 
Plutonaster it differs in respect to the form and armature of the marginal plates, and from Parastro- 
pecten in the same characters, and in possessing an anal aperture. The last character is of little 
importance generically. Parastropecten is very close to Lepty chaster. 

Patagiaster nuttingi, new species. 
PI. ix, figs. 2, 2a; pi. xu, fig. 3; pi. xvii, fig. 1. 

Rays 5. R=42 mm.; r=14.5 mm. R=2.9r. Breadth of ray at base (between first and second 
supero marginals) 15 mm. 

Disk large; rays stout, tapering from a broad base evenly to a pointed but not attenuate extremity. 
Interbrachial arcs wide and rounded, in some specimens with a slight tendency to become angular. 
General form depressed and flat, the abactinal area as a rule a trifle inflated; actinal surface plane. 

Abactinal paxillar area is very compact and uniform in character, and is covered with close-set 
paxillse which are largest along the margin of area and in the interradii, where they are arranged in 
oblique transverse rows. The median radial portion of each arm, and the center of disk, is more or 
less conspicuously marked off from the above areas, being covered with more crowded paxillse scarcely 
more than half as large as those just described. Paxillse of the central portion of disk are usually 
slightly smaller than those of the median radial area of rays. Each paxilla consists of a stout pedicel, 
with a slightly flaring, circular, nearly flat summit, bearing a crown of granuliform spinelets, the 
centrally situated ones being stouter than the peripheral. The larger paxillse bear a central group of 
upwards of 30 or 35, surrounded by a peripheral series of about 25 to 30. The smaller paxillse of the 
arms have about 10 granules in the central group, and 15 to 20 in the peripheral series. In specimens 
from other localities (e. g., station 3836) the paxillse do not average so large, having 20 to 25 as the 
maximum number for the central group of spinelets. In these specimens the summit of the pedicel 
is slightly convex. The bases of all the pedicels are expanded into roundish, irregular, or stellate 
plates, the last being more prevalent in interbrachial arcs. Papular pores are confined to the area of 
large paxillse, i. e., the margin of the abactinal area. They are absent from the median radial portion 
of rays, and from central portion of disk. Papulse large, single. 



1030 BULLETIN OF THE UNITED 8TATES FI8H COMMI88ION. 

Marginal plates are prominent, forming an angulated margin to ray. Superomarginals, 25 in num- 
ber from in terra*! ial line to the extremity of ray, are confined to the abactinal surface beyond the 
interradial arc, the inferomarginals defining the contour of ray. They are subquadrate in the outer 
half of arm, but oblong in interbrachial arc, and form a low, slightly arched bevel to abactinal area. 
They are uniformly covered with papilliform granules which are very regular and resemble the cen- 
tral granules of papulae, but are larger. Deep and narrow fasciolar grooves separate the exposed surfaces 
of consecutive plates, the granules covering them being slightly slenderer than the others. 

Inferomarginal plates correspond with the superomarginals, and extend laterally beyond them, 
all this portion being the specialized ridge of the plate. The fasciolar grooves are therefore, as in 
Dipaacaxter, very deep and narrow. Outer end of each plate is slightly tumid, the appearance being 
accentuated by the tufts of spinules. The first 4 to 6 plates bear a transverse series of 3 or 4 short, stout, 
tapering, flattened, sharp spinules. The other plates usually l)ear 2 such spinules in an oblique series 
on the abactinal end of the plate, but laterally. Considerable variation exists as to the number of 
these spinules. They are sometimes reduced in size and crowded toward the upper en4 of the plate 
(i. e., on first 4 or 6 plates) and the inner spinule is often spaced from the other 2 or 3. The general 
surface of the inferomarginals is covered with pointed squamiform granules which are enlarged in the 
neighborhood of the spinules to form a small tuft. On the abactinal surface of the plate the granules are 
similar to those of the superomarginals, and in the fasciolar grooves they are slender or spinuliform 
or capillary. 

Adambulacral plates are slightly longer than wide on the rays, shortening near the mouth plates. 
Furrow margin convex. Armature as follows: (1) A furrow series of 7, 8, or 9 long, slender, com- 
pressed, bluntly pointed spinelets, radiating only slightly. The tips form a convex edge to the comb. 
The lateral spinelets are often conspicuously shorter than the others. (2) On the ray the actinal sur- 
face of each plate bears 8 or 9 shorter tapering spinelets, disposed usually in 2 semicircular rows, those 
of the series nearest furrow series the longer. There are besides 3 to 5 still smaller spinelets along 
both adoral and aboral edge of plate, extending over the grooves which separate the plates. These 
grooves are continuous with those passing between the actinal intermediate plates, which in turn 
communicate with the much deeper furrows between the exposed surfaces of marginals. The spinelets 
are not webbed, however. The first 3 or 4 adambulacrals possess fewer furrow spinelets (6 or 7) 
because the plate is shorter. The actinal spines are less crowded (15 to 23) and are arranged in a 
rather definite series along both adoral and aboral margins, with 2 intermediate transverse or obliquely 
transverse series. The first longitudinal actinal series is sometimes well defined on the plates. Many 
variations in arrangement occur. 

Mouth plates are prominent actinally, fairly large, the exposed surface curving strongly dorsad 
toward the mouth. Armature consists of a furrow series of 8 tapering, long, slender spinelets, bluntly 
pointed and increasing in length toward the inner angle. The inner spinelets are slightly flattened 
and are usually turned away from the mouth, but the outer members of the series extend about half- 
way to the outer end of plate, to which the series is continued along the margin adjacent to first adam- 
bulacral as a row of much smaller, slenderer, spinelets (8 to 10 in number). Actinal or exposed sur- 
face bears a series of slender, tapering, bluntly pointed spinelets along margin of suture. On the 
mouth angle these are about as long as adjacent marginals, but. rapidly decrease in length as they 
proceed outward, becoming short and round-tipped. On outer half of each plate an intermediate, 
subparallel, and similar series is present, often, however, arranged irregularly, so as to give the appear- 
ance of 2 intermediate series. Spinelets of mouth angle usually appear crowded or bunched together. 

Actinal interradial areas fairly large, paved with close-set roundish plates, which extend nearly 
halfway to tip of ray (to ninth inferomarginal plate). These plates are arranged in series extending 
from inferomarginals to adambulacrals, and those plates adjacent to the latter are larger than the 
others. When viewed from the surface toward body cavity, the plates are seen to be imbricated, the 
outer end of each being slightly elongated and overlying the inner rounded end of the adjacent plate. 
Regarded from the actinal surface, it is the inner end which overlies the outer. On the rays this inner 
end is somewhat elongated, and the series adjacent to the adambulacrals slightly overlaps the outer 
margin of the latter. Central portion of each plate is raised into a regular paxillar tabulum with a 
convex summit, surmounted by a radiating central group of 6 to 10 short, rounded, subcorneal, pointed 
or blunt-tipped, granuliform spinelets, with a peripheral series of about the same number of slender, 
slightly longer spinelets placed at a lower level on the pedicel or tabulum. Often the central and 
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peripheral series are nearly alike and form a coordinate group. Fairly well defined channels run 
between the series of keels or pedicels, interred ially from inferomarginals to adambulacrals. 

Superamhulacral plates are feebly developed, scarcely more than rudiments, the series extending 
about one-half length of ray, and absent from innermost 4 to 6 adambulacrals. They appear to be 
better developed in medium-sized than in fully adult specimens. 

In this species the gonads are clustered on either side of the interradial line and do not extend as 
a longitudinal series along either side of the medio-radial line far into the ray, as in DipsacaMer nesiotes. 

Madreporic body is fairly large, nearly hidden by pax i lire; irregular in outline; striatums radiating. 
Situated slightly nearer to margin than midway between margin and center of disk. 

Color in life: Abactinal pax i liar area coral red over area occupied by small paxillse, becoming 
duller or grayish coral red at the sides; actinal surface creamy white; marginal plates the same, tinged 
with pink. Color in alcohol, brownish yellow to ashy white. 

Young: The smallest specimen taken measures R 12 mm., and r 5 mm., and in general appear- 
ance is very like the adult. The difference is a lack of enlarged spinules on inferomarginal plates. 
The interradial areas are already well developed, and pax i liar area is compact as in adult. Another 
specimen of nearly the same size possesses a single enlarged spinule on the edge of the ray. 

Localities: Type (no. 21152, U. S. National Museum) from station 4081, north coast of Maui, 202-220 
fathoms, gray sand and foraminifera; bottom temperature, 51.7°; abundant. Taken also at the 
following stations, in all 414 specimens. 

Record of localities. 



Station. Locality. 


Depth. 


Nature of bottom. 


3836 South coast of Molokai Island 


Fathoms. 
238-255 
257-220 
233-198 
220-238 
238-253 


Brownish gray mud and sand. 
Gray sand. 
Fine gray sand. 
Oray sand. 


3919 South coast of Oahu Island 


4044 | West coast of Hawaii Island 


4082 1 North coast of Maui Island 


4083 do 


4115 Northwest coast of Oahu Ialand 


195-241 

241-282 

295 


Coral sand, foraminifera. 


41U> ' do : 

3472 South coast of Oahu Island 


Do. 
Fine white sand. 


1 





This species is found, therefore, at a depth of about 250 fathoms and apparently does not range 
much over 30 fathoms either side of this average. It was taken on a special line of dredgings north 
of Maui which were made for the purpose of determining vertical distribution. 

The chief differences between this and the foregoing species have already been pointed out. The 
present form is in some respects intermediate between the Astropectinidte and Plutonasteridae. 

The species is named for Prof. Charles Cleveland Nutting. 



Family IUID1IME Verrill, 1800. 

Luidiidae Verrill, revision of certain genera and species of starfishes, with description of new forms. <Trans. Conn. 
Acad., vol. x, 1899, p. 201. Equivalent to LuidiinsB Sladen, Challenger Asteroidea, 1889, p. 244. 

Genus LTJIDIA Forbes 

Luidia Forbes, Mem. Wern. Soc., vol. vm, 1839, p. 123. 

Key to Hawaiian species of Luidia. 

a. Rays more than 5, mottled with brown. 
b. Pedicellariie very few; abactinal paxilUe rounded, with one or two prominent spinules; adam- 

bulacral spines 4. No inferomarginal pedicellaria? * hystrix. 

66. Pedicellariie numerous, conspicuous, 2 to 4 between inferomarginal and adambulacral spines; 

the latter 3 in number. Inferomarginal plates, with 2 to 4 pedicellariie magnifica. 

aa. Rays constantly 5. 

6. Prominent lateral spines to ray Luidia sp. 

66. No prominent spines on ray ." breinspina. 
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Luidi* hystrix, new species. 

PI. I III, figs. 1, 2; pi. xit. figs. 1, 2: pi. zri, figs. 2, 2ft. 

Rays 8. R = 195 mm. (longest ray, the shortest R being 178 mm.) r = 19 mm. R = 10.2 r. 
Breadth at widest part near base 20 mm. 

Rays very elongate in proportion to disk, slightly swollen above base, and thence very gradually 
tapering up to the bluntly pointed extremity; robust, depressed, with well-rounded sides. Abactina] 
surface more or less flattened on disk; convex on rays, but flattened or even slightly concave along 
median radial line. In young specimens rays are always strongly convex above. Actinal surface 
rounded, the ambulacral furrow broad and tube feet very large, with conical sacking disks. 

Paxil ia» of abactinal area large, crowded on disk, and there without definite arrangement They 
are arranged in definite, spaced, longitudinal rows along rays, except in a narrow median radial area, 
where they are more crowded and not so regular. On either side of this median radial area one can 
count 6 regular longitudinal series of paxilUe on the basal portion of ray and 5 over the remainder. 
PaxilUe are rotund to slightly subquadrate at the margins of area, Nearly all paxillse of rays except 
the series adjacent to inferomarginal plates and those of distal portion of median radial area bear a 
robust, upright, tapering sharp thorn or spinnle, about 2 to 2.4 mm. in length, placed in center of 
tabulum; those of the median radial area (proximal portion) are shorter (1.5 mm. ). This spinule is 
surrounded by 5 to 8 or 10 robust, cylindrical or clavate, obtusely tipped, papilliform spinelets, 
placed also on the tabulum. External to these on the periphery of tabulum are 15 to 25 (usually 
about 17 or 18) slender papilliform spinelets, usually somewhat irregular in thickness. Paxiitae of 
the series adjacent to marginal plates are very slightly smaller than the others and lack the central 
spinule. Not infrequently paxillse of the regular spinulated series also lack the spinule, but in other 
respects they resemble the spinopaxilla?. Occasionally paxilbe of disk bear a short conical spinelet, 
but most of them have instead 8 or 9 cylindrical flat-topped granuliform spinelets in the center of 
tabulum, surrounded by a peripheral series of 20 to 25 much slenderer ones. 

Inferomarginal plates are very numerous, short, and wide, each with a special raised ridge, 
between which are deep fasciolar grooves. Plates bear, along the median line, a transverse series of 
4 or 5 (rarely 6) long, slightly curved, very sharp, rather delicate spines. These increase in size 
toward outer edge of plate, the inner 2 being usually much smaller than the outer 3, the median 
spine of which is longest. Toward base of ray there is less difference between the inner and outer 
spines, although the inner 2 are always much smaller. The elevation or keel of the plate, upon 
which the spines are borne, is bordered by long, slender spinelets, a few standing on the exposed 
surface, between the spines. Sides of fasciolar grooves are covered with capillary spinelets. 

Adambulacral plates are wide, but short, as seen on the actinal surface, and are united by broad 
bands of integument The armature, which is borne on a sort of keel, consists of 4 spines, of which 
3 form a regular transverse row, the median being longest and furrow spine shortest The fourth 
spine is situated between the outer two, but adorally and out of line with the series. Near base of 
ray a fifth spine is added to outer end of regular series, and sometimes a smaller spinule stands in line 
with the odd spine, which is about the length of the furrow spine or shorter. Furrow spine is 
slightly curved, compressed, and saber-like. The outer spines are faintly curved at the base, are 
tapering, bluntly pointed, and usually directed away from the furrow. External to the outermost 
spine, about midway between it and the innermost inferomarginal spine, is a radiating group of 8 or 9 
ciliary spinelets of different sizes. In the midst of these there is sometimes an inconspicuous 
3-jawed pedicellaria, fairly wide at base, but with tapering, bluntly pointed jaws, scarcely one-third 
the length of adjacent adambulacral spine. These pediceilariae, of which there is never more than 
one to a segment, are not numerous, being present on about half the adambulacrals of some arms and 
almost absent from others. 

Mouth plates are long and narrow. Along the margin are about 8 long, slender, pointed spines, 
which increase in length toward the inner end of the plate, the innermost spine being longest, flattened, 
and directed toward center of actinostome. The adjacent spine is also frequently flattened. Parallel 
with this series, and close to it on actinal surface, is another series of 4 similar spines. Frequently 
this second series is more or less irregularly grouped in with the first. True marginal spines are 
found on side of plate, one near base of the big inner spine, and 3 or 4 in a cluster, considerably higher 
up, about midway between the first and the roof of the furrow. 
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Actinal interradial areas small; there are apparently about 4 plates, each bearing a tuft of long 
slender spinelets surrounding a central spine. 

Madreporic body hidden by paxillse. 

Color in life: Above, cream color, mottled with burnt sienna and chocolate; below, white. Spines 
white. Ambulacral feet whitish, with sucking disks of orange yellow. In young individuals the 
chocolate color tends to form 3 cross bands on arms, a broad one near tip, one about the middle of 
ray, and the third at base; the last connects with an indefinite ring of mottling about disk. Center of 
disk brown. 

Young: In very young individuals the abactinal spinules are entirely absent, as might be expected. 
The smallest specimen has R=15 mm., and r=6.5 mm.; 10 rays. Another young specimen, slightly 
larger, has a smaller disk and 8 rays. In the young the inferomarginal and adambulacral spines are 
relatively smaller than in the adult, the outermost spine of the former series being the largest, the 
remainder quite insignificant. Pedicellarise are entirely absent In a specimen with R=73 mm., the 
abactinal spinules have appeared on all the series of paxillae, upon which they are present in the 
adult; but the spinules are much smaller than in the fully adult. Judging from a slightly smaller 
specimen than this, the spinules appear first on the innermost regular series of paxillae, and thence 
spread over the rest, never appearing on the marginal row. Most of the regular series have subquad- 
rate paxilla?, which become more and more rounded toward median radial line. The inferomarginal 
spines are practically like those of the adult, the innermost 2 being a little weaker. On these inter- 
mediate specimens the adambulacral armature is as in the adult, except that pedicel lariat are very 
much less numerous. 

Localities: Type (no. 21153, U. S. National Museum) from station 3876, Auau Channel, between 
Maui and Lanal islands, 28 to 43 fathoms, sand and gravel; bottom temperature, 74°. Taken also at 
the following stations, 11 specimens in all: 

• Record of localities. 



Station. ' Locality. 

1 


Depth. 


Nature of bottom. 


8861 Pallolo Channel 


Fathom*. 
90-62 
56-50 
27-28 
27-29 
28-14 
20-21 


Fine sand, small pebbles, coral. 
Coral fragments, coarse coral sand. 


8987 f Southeast of Kauai Island 


4081 | Penguin Bank, south of Oahu Island 


Coral, fine coral sand, foramlnifera. 


4032 ....Too 


Do. 


4034 do 


Do. 


4168 Vicinity of Bird Island 


Coral sand, foramlnifera. 







This species is most nearly related to Luidia aspera Sladen, taken by the Challenger Expedition off 
Samboagan, and Tablas Island, Philippine Group, and north of Admiralty Island, the vertical range 
being 10 to 150 fathoms. Both species are related to Luidia maculata Muller and Troschel, as well as 
to the following species, Luidia magnifica. Luidia hystrix differs from aspera in the character of the 
adambulacral armature and abactinal paxillae. In aspera only 3 inner rows of paxillae are spiniferous. 
Our species has an extra spine to the adambulacral armature, and fewer pedicellarise, there being 
never 2 between the inferomarginal and adambulacral spines as in aspera. 

A young specimen was found to have engulfed a young sea-urchin and a small colony of polyzoa. 

Luidia magnifies, new species. 
PI. xv, figs. 1-3; pi. xvi, flgs. 1, la. 

Rays 10. R=330 mm. ; r=41 mm. ; R=8r. Breadth of ray at widest part, near base, 37 mm. 
The outer third of the two unbroken arms has been regenerated, and although they are nearly the 
diameter of basal portion, they are probably considerably shorter than in life. 

Rays very elongate in proportion to disk; considerably wider about 30 mm. from base than 
directly at junction with disk. They taper very gradually to a bluntly pointed extremity, and are 
robust, depressed, with well rounded sides. Abactinal surface capable of inflation, but flattened on 
disk; convex on rays, but flattened or even slightly concave along median radial area. Actinal sur- 
face with rounded borders. Ambulacral furrow wide, the tube feet very long, with comparatively 
small, ovoid sucking disks. Pedicellariae very numerous on actinal surface. 
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Paxillse of abactinal area are large, roundish on disk, and very crowded; on rays arranged in 6 
regular longitudinal series at either side, becoming reduced to 5 on outer part of ray. In these regu- 
lar series the paxillte are very sharply quadrate, but over a fairly wide median radial area they are 
rounded in outline, considerably smaller than those of the regular series, are crowded, and have no 
definite arrangement. At base of ray paxilla? of all 6 longitudinal rows bear a tapering, sharp, stout, 
often slightly curved spinule or thornlet, those on innermost series longest (2 to 4 mm.), thence 
decreasing in size toward margin, being usually quite short on outer 2 rows. On outermost of mar- 
ginal series (corresponding to the aborted superomarginal plates) there is now and then a central 
spinule as long as any of the innermost series. On outer part of ray beyond middle there are about 3 
definite longitudinal rows of spinules. The spinule is borne usually near inner edge of quadrate 
tabulum, or near the aboral inner corner, seldom in the center. Exposed surface of tabulum is only 
slightly convex, and bears 20 to 25 stout, subclavate, papilliform spinelets, which become much 
heavier, rather flat-topped, and granuliform toward the center, where they often have the appearance 
of being bent the same way that the spinule is directed — namely, diagonally toward inner aboral cor- 
ner of plate. Periphery of tabulum bears a series of numerous, blunt, much slenderer spinelets. 
Paxil he of median radial areas and disk lack enlarged spinule, are roundish, and smaller. The cen- 
tral group of spinelets is also more regular, increasing in size toward the center, where they are rather 

flat- topped, clavate, and granuliform, resembling the 
large end of an apothecary's pestle in miniature. 

Inferomarginal plates very numerous, short, and 
comparatively wide, each with a special ridge, sepa- 
rated from that adjacent by an unusually deep and 
wide fasciolar groove. Armature consists of a trans- 
verse, regular series of 5 or 6 spines, of which the outer 
2 or 3 are longer than the inner. The former are long, 
slender, tapering, very sharp, and slightly curved. 
Three is the most frequent number; the longest ( 7 to 
9 mm.) is sometimes the outer (when there are but 2 
enlarged lateral spines), sometimes the median, but 
there is little difference in the length of the three. 
The inner 2 or 3 of the group of 6 are often augmented 
by several auxiliary spinules. This group is less 
regular than the outer spines, the spines being much 
smaller, tapering, with usually an expanded, flat, 
chisel-like tip. The plate is fringed by stout pointed 
Bpinelets, of considerable size, which are also scattered 
over surface of plate between the large spines. Here 
they are unequal in size, and irregular in distribution. In addition there is 1 (or rarely 2) 3-jawed 
pedicellaria between the large lateral spines, making 2 or 3 for each plate. These pedicellarise, which 
are not to be confused with the larger ones, found in the interval between the adambulacral and inner- 
most inferomarginal spines, are sessile, with a fairly broad base and blunt tip, being roughly conical. 
Armature of adambulacral plates, which is borne on a transverse keel, consists of 3 spines, placed 
one behind the other, the median longest. Furrow spine flat, saber-like, and bluntly pointed. The 
next two are close together, and separated from furrow spine by an interval. They are long, straight, 
tapering, round tipped, and usually bent away from furrow. An inconspicuous, short, blunt, fiat 
papilla is situated on adoral side of base of outermost spine. External to the latter, between it and 
inferomarginal spines, is a row of 3 (occasionally 4, or at end of ray 2) large 3-jawed pedicellariae, 
which increase in size outward, the outermost being situated on a slightly greater prominence than 
the others. The innermost is situated just external to the outermost adainbulacral spine, and reaches 
nearly halfway to top of this. Each pedicellaria is perched on the top of a discrete ossicle shaped 
very much like the shaft of a paxilla. The inner 2 (6, c, see fig. ) rest on the surface of the adambu- 
lacral plate, but the bottom of the outermost and largest is bent, and is wedged between the adambu- 
lacral and inferomarginal, representing the usual actinal intermediate plate, evidently. These ossicles • 
are immersed in muscle, and are not readily comprehended unless treated with hot caustic potash. 
They represent really 3 longitudinal series of actinal intermediate plates, something very unusual for this 




Luidia magniflca. Inferomarginal and adambulacral 
plates, removed to show actinal Intermediate ossi- 
cles (a., b., c). ad., Adambulacral plate; ad. sp., 
adambulacral spines; inf., inferomarginal plate; 
mpra-am., supraambulacral plate (end only), x 4. 
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genus. Each pedicellaria, perched on the knob-like tip of its ossicle, is surrounded by a circle of 5-10 
papi lliform spinelets of unequal lengths, the longest often reaching nearly to tip of pedicellaria. The 
latter has a rather broad base, with bluntly tipped jaws, which are about 1J to 2 times as long as the 
extreme width of base. These jaws are often slightly twisted at tips, like the opening bud of a flower, 
which indeed the pedicellaria somewhat resembles, the similarity being increased by the calyx-like 
circlet of spinelets already mentioned. The outermost pedicellaria of this group is always largest, 
being usually, exclusive of its pedicel-like base, 1.5 to 2 mm. long. 

Mouth plates long and narrow. The 2 inner angle spines are long, flat, round-tipped or subtrun- 
cate, much stouter than any others of the plate, and directed toward center of actinostome. The true 
furrow-series is continued toward the end of first ambulacral plate, in about 3 groups, each of 2 papil- 
liform spinelets. One of these spinelets, adjacent to the tooth, is enlarged, flattened, about half as 
long as tooth. Extending along margin of actinal surface of plate is an irregular series of long spines, 
tapering and slender, and often slightly flattened at tip. They decrease in size toward outer end of 
plate, where there is also a marginal fringe of spinelets, extending inward along side of groove adja- 
cent to first adambulacral. The superficial series might l>e regarded as 2 irregular series on the outer 
part of plate. Actinostome large. 

Actinal interradial areas practically absent, the adambulacrals of adjacent rays with their large 
pedicellaria? touching each other. 

Madreporic body entirely hidden by paxillse. 

Color in alcohol, yellowish brown, mottled with darker; in life probably similar to the foregoing 
species. 

Locality: Type (no. 21154, U. S. National Museum) from station 3849, south coast of Molokai 
Island, 73 to 43 fathoms, coarse sand, broken shells, coral; 1 specimen. 

This very distinct species is related to Luidia maculata and Luidia aspera, as well as to the fore- 
going species. From the last 2 it differs particularly in the character of the adambulacral armature 
and in the presence of 3 longitudinal series of actinal intermediate ossicles, and probably also from 
maculata in these respects. I have been obliged to rely upon the original description of maculata 
(System der Asteriden, p. 77), which is none too satisfactory, and upon the critical remarks of Perrier 
(Revision des Stellendes, p. 338). So far as I am aware, no one has figured maculata, the type of 
which came from Japan. Neither Miiller and Troschel nor Perrier mention abactinal spines or the 
pedicellariae of the inferomarginal plates, so 1 am forced to conclude that these are not present on 
maculata. Nor is it clear from the original description whether the large actinal pedicellaria? follow 
the adambulacral spines or are among them. Perrier says they follow the spines, while Miiller and 
Troschel state that they are among or between [zwischen] them. While magnifica differs from aspera 
in the same respects as from hystrix, it may not be amiss to detail some of the differences which sepa- 
rate it sharply from maculata. 

Luidia magnifica. 

Four to 6 lateral series of abactinal paxillse with enlarged 
epi miles. 
Adambulacral armature of 1 furrow and 2 actinal spines. 

Pedicellariae H to 2 times as long as broad, 3 in number, 
in a definite series external to adambulacral spines. 

Two to 4 series of actinal intermediate ossicles, each ossicle 
bearing a pedicellaria. 

Inferomarginal spines about 5, the outermost longest; the 
inner 2 with flattened chisel-shaped tips. 

Three or sometimes 2 or 4 pedicellarise on inferomarginal 
plates between the large lateral spines. 

The inferomarginal plates of this form are relatively rather small. The actinal intermediate 
ossicles are aberrant also. The interval between successive segments of the ray is comparatively very 
large, and filled with muscle. This fact, combined with the arrangement of actinal plates, gives a 
great degree of flexibility. Professor Verrill, to whom I sent a portion of an arm for inspection, 
writes that he believes this species can swim rapidly, using its large ambulacral feet as paddles, as he 
has seen Luidia clathrata do. The i ube feet are very large. 



Luidia maculata. 
No enlarge*, spinules on abactinal paxillse. 

Adambulacral armature consisting of one furrow and S or 
4 actinal spines. 
Pedicellariae slender, 3-4 times as long as broad. 

A single series of actinal intermediate ossicles. 

Inferomarginal spines 2-3, the Innermost longest. 

No pedicellariae on inferomarginal plates. 
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This is a remarkably large species. The type, if perfect, would measure over 2 feet in diameter. 
It is thus nearly as large as a specimen of L. satrignyi, with 9 arms, recorded from Mauritius, the shortest 
ray of which was 350 mm., the longest 370. Prof. F. J. Bell has referred to this specimen as the 
largest starfish on record. « 

Luidia Bp. 

In the collection there is a single specimen of a young Luidia, which can not be positively 
determined on account of its small size. R=20 mm. ; r=4 mm. R=5r. Rays 5, very gently tapering; 
abactinal area convex. Paxillse are arranged in 4 regular rows at either side of arm. These would 
apparently have become subquadrate. Those of median portion of arm are round and likewise rather 
regularly arranged. Inferomarginal plates with a single, prominent, slender, slightly flattened spine, 
about as long as width of plate, forming a series along margin of ray. Actinal surface of plate with 
numerous slender spinelets, but none large enough to form a companion spine. Adambulacral 
armature consists of a long, slender, flattened, slightly curved furrow spinelet, and 2 actinal spinelets 
in a regular transverse series, besides 1 or 2 shorter spinelets situated adorally to the latter. Occasion- 
ally a long 2-bladed pedicel laria takes the place of one of these latter spinelets, but as yet pedicellariae 
are rare. The dredge-station record is missing, but the specimen was probably taken from Penguin 
Bank, south of Oahu, in a depth of about 25 fathoms. 

This specimen appears to belong to an undescribed species very closely allied to Laidia forfidfer 
Sladen, from Torres Strait, 6 fathoms, and the Arafura Sea near entrance to Torres Strait, 28 fathoms. 
(Sladen, Challenger Asteroidea, p. 260.) 

Luidia brevispina Lutken. 

Luidia brevispina Lutken, Fortaatte kritiske og beskrivende Bidrag til Kundskab on Sdstjernerne. <Videnskabelige 
Meddelelser, 1871, p. 288. Perrler, Revision des Stellerides, 1875, p. 337. 

This species is recorded by Perrier (1. c.) from the Sandwich Islands, where 9 specimens were 
collected by Mr. Ballieu, and received by the Museum d'Histoire Naturelle de Paris in 1876. No 
examples were secured by the Albatross Expedition. 

Family PSEU D ARCH ASTER 1D£ Fisher, 1905. 

Pseudarchasterinffi Sladen, Challenger Asteroidea, 1889, p. 109; emended. Verrill, Trans. Conn. Acad., vol. z, 1899, p. 187. 
Astrogoniinse Perrier, Ezped. Scientif. Travailleur et da Talisman, Echinodermes, 1894, pp. 337, 338. 
Pseudarchasteridae Fisher, Bull. Bureau of Fisheries, vol. xxiv, 1904 (1905), p. 303. 

(tonus P8BUDAK0HA8TBB Sladen. 

Psewlarchaster Sladen, in Karr. Challenger Exped., vol. 1, 1885, p. 617. 

Astrogonium b Perrier (non Mttller and Troschel) Exped. Scientif. Travailleur et du Talisman, Echinodermes, 1894, p. 338. 

Key to Hawaiian species of Pteudar chaster. 

a. Rays shorter; no enlarged spinules on the actinal intermediate plates myobrachius 

aa. Rays longer; enlarged spinules on the actinal intermediate plates jordani 

a Bell, Ann. N. H., ser. 6, vol. Hi, 1889, p. 222. 

6 The substitution of the name Astrogonium for Pseudarchaster Sladen is wholly unnecessary and unwarranted. Astro- 
gonium was first proposed by Mttller and Troschel (System der Asteriden, 1842, p. 52) and Included 4 genera— Hippasteria 
Gray, Ooniaster Agassiz, Pentagonaster Gray, and Tosia Gray— all of which are now recognised and in current use. The 
genus was thus a composite group without a definite type. In 1847 and 1866 Gray used the name in a more restricted 
sense, including forms now referred to Totia (or to Pentagonaster, according to the point of view), such as Totia granulans 
( Retzius), and to the Odontasteridse, as Acodontaster miliaris (Gray) Verrill. If it were used at all it would be applied, with 
very questionable propriety, to the group containing the Asterias granularU of Retzius, which belongs to the previously 
described Totia. But as Astrogonium was an artificial group, a synonym of, say, Hippasteria, or of any one of the other 3 
above-mentioned genera, the name should be discarded for all time, on the ground of "once a synonym, always a 
synonym." 

However, in 1889 Sladen incorrectly restricted Astrogonium to Gray's genus Pentagonaster. 

Perrier in 1894 transferred the name to an entirely different group, one unknown to either Mttller and Troschel 
or Gray, namely, to Pseudarchaster +Aphroditiaster Sladen. Both of these names are perfectly tenable, and the course 
of Perrier is wholly contrary to the most widely accepted lawn of nomenclature. Astrogonium has been used by 
several authors since 1894 in place of Pseudarchaster, the correct name of tbe group. (See Verrill, Trans. Conn. Acad. 
XX, 1899. p. 149.) 
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Pseudarch&ster myobrachiua, new species. 
PI. x, figs. 6, 6a; pi. xix, 1, la-c. 

Rays 5. R = 34 mm. ; r = 13 mm. R = 2.61r. Breadth of ray at base, between second and third 
superomarginal, 12 mm. ; halfway to tip, 7 mm. 

Rays rather narrow and short, slightly tapering after the basal expansion to a pointed extremity. 
Interbrachial arcs wide and well rounded, so that base of rays is broad. Margin of rays evenly 
rounded, more beveled on disk. 

Abactinal paxillar area compact and uniform; very narrow on rays, consisting of only three rows 
of plates on outer half, where it is less than half as wide as a superomarginal. Paxil lee roundish to 
subpolygonal, close-set, and not arranged with any great regularity. The pedicel is surmounted by 
12 to 18 coordinated, short, truncate, 3- or 4-sided spinelets, prismatic in appearance. A few of the 
peripheral spinelets are usually noticeably smaller than others. Paxillae decrease in size toward 
margin and on rays, where there is usually only 1 central spinelet with 7 to 9 surrounding it. A well- 
defined groove is present between the paxillar area and marginal plates. Papulie absent from distal 
half of ray. 

Superomarginal plates, 23 in number from median interradial line to extremity of ray, form a 
broad, conspicuous margin to abactinal area. Length in interbrachial arc less than on ray (except 
outer fourth). Plates are covered with a close polygonal granulation, the granules increasing in size 
and becoming less crowded toward outer end of plate. A marginal series of much smaller granules 
surrounding each plate is clearly distinguishable. Plates of outer half of arm have an oval naked spot 
on middle of dorsal aspect. This area begins on ninth or tenth superomarginal and is present on 9 or 
10 plates. The last (distal) few plates, being very small, are completely covered with granules. 

Inferomarginal plates correspond in number to supero marginals, and encroach rather more upon 
actinal area than do the latter upon abactinal. Plates in interbrachial arc are conspicuously shorter 
than those on ray. They are covered with numerous granules, which increase conspicuously in size 
toward outer margin of plate. Most of the granules are flat-topped, roundish, or polygonal, but many 
show a tendency to become squamiform. Plates of interbrachial arc bear a median transverse series 
of 4 flattened, tapering, sharp spinelets which have a swollen base and are closely appressed to the 
plate. These are reduced in number to 3 and 2 on ray, and finally to one on outer part. The series- is 
well spaced. 

Adambulacral plates have an angular furrow margin, the apex of which is nearer adoral than 
aboral side. The armature consists of a furrow series of 6 or 7 short, roundly truncate, flattened 
spinelets, 4 of which are on that side of the angular margin turned away from mouth, the longest 
spinelet at apex, and the other 2 on the adoral side of the margin. They thus form a palmate series 
and are graduated in length. Furrow series is continued along adoral margin in 2 to 5 gradually 
shortening spinelets, and similarly along the aboral margin in 2 or 3 spinelets. In middle of actinal 
surface there is an erect tapering spinule, more prominent than any others of plate, and clustered 
around it are numerous small, papilliform spinelets, especially toward the outer side of plate. On 
first few plates the prominent spinule is not present The spinelets which are found along the adoral 
and aboral margins of each plate are opposed over a sort of fasciolar furrow between the plates. 

Actinal intermediate plates are subquadrate or roundish, large, and do not extend beyond the 
third inferomarginal. They are arranged in about 3 series parallel to the adambulacrals, and increase 
in size toward disk. They are covered with round papillifonn granules, which are truncate, well 
spaced, and often arranged in more or less definite rows. No fasciolar grooves are present between 
the plates, or if present can not be regarded as in any manner specialized. 

Mouth plates are large, ovoid, and prominent actinal ly, with an extensive furrow margin. The 
armature consists of a furrow series of 7 blunt flattened spinelets, similar to but larger than the adam- 
bulacral furrow spinelets, increasing in length toward inner end of plate. These inner spinelets are 
slightly compressed in an interradial plane, and likewise taper a trifle. A superficial series of 10 is 
present along the margin of the median suture, decreasing in length toward the outer end of plate, the 
outermost being scarcely more than flat-topped granules. Furrow series is continued along margin 
adjacent to first adambulacrals in about 6 short, graduated, very fiat spinelets, opposed to those of the 
adjacent edge of adambulacral. Between these and superficial series is a row of 3 or 4 small papilliform 
granules, similar to the adjacent superficial series. 
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Madreporic body is very small, situated halfway between center of disk and inner edge of supero- 
marginals; entirely hidden by pax i Use. 

Color in alcohol, dull brown. 

Young: Two young, apparently of this species, were taken at station 4028. R=8.5 mm. ; r=5 mm. 
(smaller specimen ). They differ much from the adult in general form, having short, stout rays. Each 
of the broad superomarginal plates (8 in number from median interradial line) has a naked area on the 
abactinal surface, similar to that of the adult except that in the young these extend around the 
interbrachial arc. Enlarged spinules of inferomarginals are present (absent on other specimen, how- 
ever) , but much reduced. Actinal intermediate plates are very few, and the actinal spinule of adam- 
bulacrals is not yet larger than the others. Furrow spinelets of adambulacrals 4 to 6. 

Locality: Type (no. 21158, U. S. National Museum) from station 3995, vicinity of Kauai, 427-67*> 
fathoms, fine gray sand and rocks; bottom temperature, 40.6°. Two young specimens were taken 
also at 4028, southwest coast of Kauai, 444-478 fathoms, on gray sand and globigerina. 

This species is distinguished by its short rays, broad marginal plates, very narrow abactinal 
pax i liar area on rays, small actinal intermediate area, the plates of which are devoid of spines and 
of specialized fascioles between them, and by the enlarged spinule on the adambulacral plates. The 
madreporic body is entirely hidden. The species is thus very distinct from any Pacific form, and 
would seem to approach nearest to Ps. tessellatm Sladen from Cape of Good Hope, from which, how- 
ever, it is readily distinguishable by the shorter rays, broader marginal plates, with naked areas on 
superior series, by the hidden madreporic body, and by the absence of spinules from actinal interme- 
diate areas, where the granulation appears also much less compact. 

Pseudarchaster jordani, new species. 
PI. x, figs. 7, 7a; pi. xix, figs. 2, 2a. 

Rays 5. R=52 mm.; r=16.5 mm. R=3.15 r. Breadth of ray at base, between first and second 
superomarginals, 18 mm. 

Rays moderately long, robust, tapering continuously from a fairly wide base to a pointed extremity. 
Interbrachial arcs not so wide as in preceding species; rounded. Abactinal surface a trifle inflated 
over radial areas, and slightly sunken along interradial lines. 

Abactinal paxillar area is compact, not so narrow on rays as in preceding species. In the middle 
of R there are 5 longitudinal rows, the area here equalling in width one of the adjacent superomarginal 
plates. The paxilke are relatively larger than in Ps. myobrachius, and are arranged with beautiful 
regularity in a radial and numerous parallel series, the plates decreasing in size toward margin. They 
are also smaller in an apical area, inside the primary radials. A radial pax ilia consists of about 10 t<» 
12 hexagonal or prismatic, granuliform spinelets placed on the convex summit of the pedicel, sur- 
rounded by a peripheral series of 15 to 18 smaller, unequal, slightly flattened ones which are consider- 
ably slenderer and do not form a regular series. The smaller pax il lee differ only in having fewer 
spinelets. Papulae arranged in sixes about pax i lire, lacking from distal three-fifths of arm, as beyond 
eighth superomarginal. 

Superomarginal plates, 30 in number from median interradial line to extremity of ray, form n 
slightly arched bevel to margin of ray, but do not encroach so conspicuously upon the abactinal area 
as in the preceding species. They are uniformly covered with polygonal, flat-topped granules which 
increase in size toward the lower edge of plates. The thirteenth to twenty-third plates have a rudi- 
mentary bare spot near the abactinal end, but this appears to be lacking in a second specimen. 

Jnferomarginals correspond plate for plate with superomarginals. On disk they encroach more 
upon the actinal area than do superomarginals upon abactinal. Excepting a regular peripheral series, 
the granulation is coarse and more irregular than that of superomarginals. The granules tend to 
become squamiform, and there is a very irregular transverse series of sharp, squamiform spinelets on 
each plate. These are more numerous in interbrachial arcs, and do not form a straight linear series. 

Adambulacral plates have an angular furrow margin. Armature as follows: (1) A palmate 
furrow series of 7 or 8 slightly curved, stout, round-tipped, compressed spinelets. The series is con- 
tinued along the aboral and adoral margins as 2 or 3 shorter, slenderer spinelets, the inner ones often 
standing on furrow margin in such a way as to form a portion of the palmate series. (2) On the 
general surface of plate, 2 (rarely 3, often only 1) lanceolate, slightly flattened sharp spinules similar 
to those of the actinal intermediate plates. Surrounding these are 6 or 7 blunt, papilliform spinelets. 
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those on the outer edge of the plate being much slenderer and smaller than those adjacent to the fur- 
row series. The former sometimes form an irregular longitudinal series. The enlarged spinules 
usually stand in an obliquely longitudinal or even transverse series. 

Actinal intermediate plates extend as far as fifth inferomarginai. The series adjacent to adambu- 
lacrals is much the largest. Each plate bears near the center 1 (occasionally 2) lanceolate, sharp, 
flattened, appressed spinule surrounded by well spaced, small spinelets which increase in size from 
the edge toward center of each plate. The peripheral series is slender, but the more centrally situated 
spinelets are clavate with flattened, subsquamiform tips. There appear to be rudimentary fascioles 
between the plates, especially those adjacent to adambulacral series. The granules become more 
flat-topped and subsquamiform near the inferomarginals. 

The armature of the mouth plates is robust, consisting of a furrow series of stout, curved, round- 
tipped spinelets, slightly compressed, which are subequal in size, or a trifle smaller at the inner third 
of the series, and a trifle larger than the corresponding spinelets of the first adambulacral plate. There 
is an odd spine at the inner end of the combined pair, in addition to the regular marginals. There is 
a regular series of about 9 along the margin of the median suture, the inner 2 or 3 spinelets round- 
tipped and of about the same size as the adjacent furrow spinelets, the outer graduated and bluntly 
pointed, clavate or papilliform. The furrow series is continued along the margin adjacent to the first 
adambulacral, in 5 or 6 smaller spinelets, which increase in thickness toward the outer end of the 
plate. 

Superambulacral plates present, feebly developed; lacking beyond eighth inferomarginai. 

Madreporic body small, nearly hidden by paxillse, situated very nearly midway between center 
of disk and inner edge of supermarginal plates. 

Color in alcohol, bleached yellowish. 

Locality: Type (no. 21159, U. S. National Museum) from station 3474, south coast of Oahu Island, 
cruise of 1891, 375 fathoms, fine white sand, 2 specimens. 

This species differs from the foregoing in having larger rays, more prominent paxillse, which are 
very regularly arranged, one or two enlarged spinules on each actinal intermediate plate, and either 
one or two enlarged spinules on all the adambulacral plates. It bears closest resemblance to Pseudar- 
chasler tessdlatus Sladen, from Simons Bay, Cape of Good Hope. From this species it differs in having 
shorter and wider mouth plates, which appear, in addition, to be relatively smaller. The 2 lineal 
series of spinelets are not subparallel, but outline a triangle, the base of which is the superficial series 
adjacent to the median suture. The marginal plates encroach more upon the dorsal and ventral areas, 
especially in the case of the inferomarginals. The granulation of the latter is coarser than that of 
superomarginals, instead of being of uniform size, as in tessellaius. The furrow series of spinelets is 
coarser, and there are usually 2 actinal spinules, instead of 1 on each adambulacral plate. The 
abactinal paxillse contain more spinelets, and appear to be slightly larger, and the madreporic body 
is much smaller or at least less exposed. This form is also related to Pa. mozaicus Alcock from the 
Indian Ocean, but differs in having shorter rays, which are broader at the base, less numerous marginal 
plates, and actinal interradial plates which extend to the fifth, instead of tenth, inferomarginai. 
Minor differences are apparent in the armature of the mouth and adambulacral plates. 

A second specimen has the following measurements: R=59 mm. ; r=15 mm. R=3.9 r. Thus the 
rays are a trine longer than those of tessdlatus, and judging from the figure in the Challenger report 
(Asteroidea, pi. xvii, figs. 3 and 4) are also more robust and more gradually and evenly tapered 
from the interbrachial arc.« 

Family BENTHOPECTINID£ Verrill, 1899. 

Benthopectinidse Verrill, Revision of certain genera and species of starfishes with descriptions of new forms. <Trans. 
Conn. Acad. Scl., vol. x, 1899, p. 217. = Pararchasterinae Sladen. 

Subfamily PONT ASTEBINE » Verrill, 1894. 

Pontasterlnse Verrill, Descriptions of new species of starfishes and ophiurans, etc., <Proc. U. 8. Nat. Mus., xvn, 1894, p. 
246. 

a After this report was completed and had left my hands three species, P$. pectintfer, Pt. pulcher, and P$. vcrrtili, were 
described by Ludwig (Mem. Mus. Comp. Zool., Vol. xxxn, July 17, 1906, p. 106-120). P$. jordani resembles the first two forms, 
but lacks any structures that might be considered pedlcellarise. From pulcher, jordani differs, also, in having actual 
intermediate spines, and a much more extended papular area, reaching to supermarginal plates and interradial line. 
Ps. pectinifer is from Gulf of Panama, and pulcher from southwest of Acapulco, and vicinity of Galapagos Islands. 

b Classified by Verrill under his Plutonasteridse. The present classification is that advocated by Sladen in "Chal- 
lenger A»teroidea." 

F.C. B. TP(W. Pt.a— 18 
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Oenu CHEIKASTEBa Staler. 

Cheiraster Studer, 81txungsber. naturforsch. Freunde Berlin, 16 Oct, 1883, p. 130: Anhangz. d. Abhandl. d. k. pieass. Akad. 

d. Win. Berlin, vom Jahre 1884, p. 49, Taf. IV, figs. 8, a, b, c; Tat V, figs. 9, a b. c, d. e. Type, Cheiraster gaxeU* or 

possibly pedicellaris Studer. 
Pontaster (partim) Sladen, Narr. Chall. Exp., i, 1885, p. 610. 

Key to Hawaiian species of CheircuUr. 

a. Pectinate pedioellarue on actinal surface myder 

aa. No pectinate pedicellaria?. 

b. Abactinal paxillar area bristling with erect spinules. Rays rather short horridutri 

bb. No erect, abactinal spinules. Rays long and slender inoj>* 

Cheiraster snyderi, new ppeciea. 
PI. x, flg. 3; pi. xviii, flgB. 1 and 3. 

Rays 5. R = 51 mm. ; r = 9 mm. R = 5.6r. * Breadth of ray at base (between first and second 
superomarginals) 8.5 mm. 

Rays long and slender, tapering gradually to an elongate pointed extremity. Disk rather small. 
Interbrachial arcs wide and rounded. Lateral wall vertical. The marginal plates form a narrow, 
slightly raised border to abactinal paxillar area, which is subplane. Pectinate pedicellariae on actinal 
surface. 

Abactinal paxillar area is not uniform, the paxillse being of various sizes, spaced, and rather small, 
decreasing in size toward tip of rays. Larger paxilhe of disk bear 6 to 9 short, papilliform spinelets 
surrounding a central group of 2 or 3, or sometimes only 1. Scattered among these are smaller 
paxillse of all sizes, some with only a single little spinelet, others with 3, 4, 5, or 6, and so on up to 
the largest. Paxillse on rays bear 4 to 6 spinelets, usually widely radiating, and on outer half of 
arm a few along median radial area may have a single, central, delicate, conspicuous spinule standing 
erect. Those paxillse on papularium are different from the others, being more ornate, with longer 
spinelets, which radiate to form rosettes. Midway between center of disk and margin, on each inter- 
radial line, is a single enlarged paxilla with 20 to 25 spinelets. One of these is situated adcentrally to 
the madreporic body. Papulae are large and confined to an oval area at base of rays (papularium), 
there being about 25 to 30 of them, distributed in 4 irregular longitudinal rows, the 2 medium series 
longest. 

Marginal plates form a slightly raised border to disk and rays, which have vertical sides. Plates 
of lower series alternate with those of upper, except on outer third of ray, where they very nearly 
correspond. Superomarginal plates, 33 in' number (in cotype) from median interradial line to 
extremity of ray, are about as high as broad, except in interbrachial arc, where the height is much the 
greater. They are slightly tumid, fonn a rounded margin, and the prominent transverse sutures follow 
an oblique course, trending from within outward and orad. First superomarginal smaller than suc- 
ceeding ones. Each superomarginal bears 1 short, sharp, cylindrical, tapering spine, at about the 
center of plate. These diminish in length as they proceed outward and are usually absent from the 
first superomarginal and reduced in size on second. General surface of plates is covered with small, 
rather widely spaced papilliform spinelets. There is a small abnormal, odd interradial superomarginal 
in one interradius. 

Inferomarginals form a rounded and conspicuous border to the actinal area, on which their 
breadth exceeds their length, on inner half of ray, while the reverse is true for outer half. Each plate 
bears a lateral, cylindrical, tapering, sharp spine, 3.75 mm. long, situated near outer or upper margin 
and pointing horizontally out from ray. These spines diminish in length as they proceed outward, 
and are reduced to about half usual size on first 2 inferomarginals. Below each spine, in a rude semi- 
circle, is a group of 3 or 4 spinules similar to but smaller than the lateral spine. One of these is larger 

«Ludwig (Mem. Mus. Comp. Zool., vol. xxxu, 1905, p. 1) has united Cheiraster Studer and Pontaster Sladen (as 
restricted by Perrier). Pectinate pedicellariee can not be used as a generic character, for they may be lacking In species 
normally having them. I have followed Ludwig. Cheiraster horridus and Cheiraster inops would belong to the restricted 
genus Pontaster, according to those authors who prefer to recognize I^mtaster as distinct. 

b In the description the proportions have been taken from the cotype, since tip has been broken from all the arma oi 
the type, which is a considerably larger specimen, r — 11.25 mm. 
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than the others, and forms a companion spine on all but first 4 or 5 plates. Sometimes a second 
spinule nearly equals it General surface of plates is covered with spaced, sharp spinelets or thornlets, 
which are longest and stoutest along median transverse line, especially in vicinity of spines and spi- 
nules. A narrow area at inner end of plates, adjacent to adambulacrals, is usually free from spines, 
except on about 5 plates beyond the second to fourth. These have 3 or 4 sharp, short spinelets set 
close together in a comb, and. pointed over the suture between inferomarginals and adambulacral 
plates, sometimes meeting 1 or 2 smaller spinelets on the latter, or arranged in a semicircle without 
opposing spinelets. These are rudiments of the peculiar pectinate pedicellaria? characteristic of the 
genus, and which in this species are better developed on the actinal intermediate plates. 

Adambulacral plates have an acute angular projection into furrow, the spiniferous rim appearing 
semici rcular. Greatest breadth is greater than length ; successive plates rather widely separated. Arma- 
ture as follows: (1) A furrow series of 8 (occasionally 6 or 7) slightly flattened, blunt spinelets. The 
4 or 5 median spinelets form a nearly straight series, are untapered and round-tipped. One or 2 spine- 
lets at either end of series are shorter than the central group of 4, and the lateralmost are shortest. 
(2) On actinal surface a tapering, stout, erect, pointed spine, a third longer than those of furrow 
series, stands in the middle of plate, and on an oblique line toward outer adoral corner is a companion 
spinule, much shorter and slenderer. A second slightly shorter spinule, near the aboral margin of 
plate, is in a longitudinal series with the last, while a similar third spinelet is sometimes found just 
aborally from the prominent spine. These 3 spinules are usually all present (but not always) and 
near base of ray either the first or second may be considerably enlarged. A row of 2 or 3 short, slender 
spinelets continues the furrow series along adoral margin of plate. 

Mouth plates prominent, broad, and the united pair strongly convex, with a wide free margin. 
Width of united pair exceeds interradial dimension. Each plate bears a marginal series of 7 flattened, 
tapering, blunt spines and spinules, disposed in a radiating horizontal series. The innermost spine is 
longest, the second slightly shorter, and the combined 4 stand out horizontally over peristome forming 
''teeth." The remaining 5 spinelets are either graduated in length, or form an independent fan- 
shaped series at sides of the margin. On actinal surface a row of 5 or 6 prominent pointed spinules 
extends along margin of interradial suture, decreasing in length as they proceed outward. About 3 
widely spaced spinules are scattered between the above series and the marginals, often forming an 
intermediate series. 

Actinal intermediate plates are few and do not extend beyond fourth adambulacral. There are 8 
or 9 pectinate pedicellarise to each of the 5 interradial areas. These pedicellarise are situated over a 
suture between 2 plates, the 4 or 5 spinelets (making up comb) of one plate opposing an equal number 
of the adjacent plate, the suture running between them. ' The largest pedicellaria is that on inter- 
radial line. The others are smaller. There is considerable variation in the number of these pedicel- 
lariee, the smaller specimen possessing but 2 to 4 to each interradial area, and lacking entirely the 
largest. Numerous delicate thornlets are scattered over intermediate plates. 

Anal aperture subcentral, small, but easily seen. 

Madreporic body of medium size, broadly elliptical, situated midway between center of disk and 
margin. Striations coarse, very irregular. 

Color in life unknown; in alcohol ashy white. 

Young: The smallest specimen (station 4007) has R=ll mm., and r=3 mm., and a considerably 
different facies from the adult The marginal plates are very broad and massive, and encroach upon 
the abactinal paxillar area. Paxillse relatively large, especially on disk. Adjacent to the margin in 
each interradius is a large, round paxilla, evidently the same as that which in the adult is situated 
about midway between margin and center of disk (basal plate of apical series). There is another 
smaller plate situated at the base of the ray, in the median line, which probably represents the radial 
plate. There is only 1 papular pore to each ray, just distad from the radial plate. Madreporic body 
minute. Spines of marginal plates small. No actinal interradial plates; no pedicellaria?. Adambu- 
lacral plates widely separated. Furrow series of spinelets only 3 or 4; actinal adambulacral spinelet 
1, with an aborally situated companion. Mouth plates like adult, characteristic. A larger specimen 
with R=28 mm. has 4 or 5 actinal intermediate plates and a couple of pedicellarise to each area. 
There are scattered spinules on abactinal surface of disk, as well as on rays. 

Localities: Type (no. 21155, U. S. National Museum) from station 3997, southwest of Kauai 
Island, 418-429 fathoms, fine gray sand and brown mud; bottom temperature 41°. Seven specimens 
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taken also at the following stations: 3981, southeast of Kauai, 636-414 fathoms, globigerina ooz**; 
3995, north of Kauai, 427-676 fathoms, fine gray sand and rocks; 3998 southwest of Kanai, 235-22S 
fathoms, coarse brown coral sand, shells, rocks (very young, probably this species) ; 4007, vicinity of 
Kauai, 508-557 fathoms, gray sand, foraminifera (very young). All but types are immature 
specimens. 

Cheiraster horridua, new species. 
PI. x, fig. 5, 6a; pi. xvn, fig. 3; pi. xvm, fig. 2. 

Rays 5. R=35 mm. ; r=7 mm. R=5r. Breadth of ray at base (between first and second supero- 
marginals) 7 mm. 

Rays rather short for genus, tapering very gradually from a narrow base to pointed extremity, 
which is reflexed. The ray tapers more perceptibly in outer than inner half, giving a stout appear- 
ance. Disk small. Interbrachial arcs regular but well rounded. Lateral walls vertical. Marginal 
plates form a broad, but not raised, border to abactinal area. Abactinal surface of disk and rays 
subplane; actinal areas subplane; margins of rays well rounded. No pedicellarue whatsoever. 

Abactinal paxillse are fairly large and distinctly spaced, the plates varying in size and having no 
definite order. They are irregularly hexagonal, or polygonal, and the convex, spine-bearing surface 
is only slightly raised above level of sutures. Larger paxillse of disk bear 15 to 20 small cylindrical 
spinelets, surrounding in 1 or 2 irregular series a long, slender cylindrical spine (3 to 4 mm.) which 
stands erect These spines are numerous on disk, and about 10 scattered, very large paxillse bear 
from 2 to 4 accessory spinules about half as long as the spine. On a few of the paxilla? a rosette of 
enlarged spinelets surrounds base of spine. On rays the spines are numerous, but reduced to one- 
third or one-fourth the size of those on disk; deciduous and usually not more than 1 toapaxilla. 
Scattered among the larger paxillee of disk are numerous small ones, consisting of a central spinelet 
and 4 to 9 in a rosette surrounding it. Very small paxillse bear a group of 3 or 4 spinelets. Papula? 
are few, very inconspicuous, and are confined to the basal portion of each ray. No specialized 
papularium is evident. 

Marginal plates form a conspicuous border to disk and rays. Plates of the two series are not 
exactly opposite (except the first pair), but alternate, so that the sutural line between the 2 series is 
regularly zigzag. Superomarginal plates, about 20 in number from median interradial line to 
extremity of ray, are about as wide as high, except in interbrachial arc, where height is greatest. 
They form a conspicuous margin to paxillar area, which on arms is equal to twice the width of 1 series 
of plates. First plate much smaller than succeeding. Each superomarginal on outer or marginal 
angle bears a conspicuous slender, tapering, sharp spine, 2 to 3 mm. in length, which stands out at 
right angles to side of ray. They decrease in size toward tip of ray, and are surrounded each by 2 to 
6 smaller spinules of different lengths, the longest being about one-half length of spine. Rest of 
plate is covered with tiny, spaced spinelets. There are prominent but shallow furrows between 
the plates. 

Inferomarginals are distinctly tumid, and form a rounded and elevated border to the actinal 
surface. Each plate bears from 5 to 8 slender, tapering, bristling spines and spinules, either disposed 
in an oblique transverse group, or (on outer half of ray) forming a more compact group on lateral 
surface of plate. The spines are of different lengths, the longest being equal to superomarginal spine 
There are usually 3 nearly as long, while the remainder vary from one-third to one-half the length of 
longest. Scarcely 2 plates have the armature arranged exactly alike. General surface of plates is 
covered with small, slender, sharp spinelets, rather widely spaced. A number in the vicinity of 
spines are enlarged. 

Adambulacral plates have a prominent angular projection toward furrow, the furrow margin being 
rounded or semicircular in outline. Armature as follows: (1) A palmate furrow series of 5 or 6 slepder, 
untapered (or but very slightly tapering), flattened, round-tipped spinelets, the median longest an«i 
all slightly radiating. Along adoral margin of plate there are 2 to 4 tiny, slender spinelets, simulating 
a continuation of the furrow series. (2) On actinal surface of plate are 2 robust, tapering, acute 
spinules forming an oblique series, the axis of which would extend diagonally across the plate from 
outer adoral to inner aboral corner. The outer spine is longest (2 mm. on inner half of ray), the 
inner about equaling longest of furrow spinelets. One or 2 of the delicate adoral thornlets are some- 
times found in close proximity to the larger spine. 
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Mouth plates are broad and convex, the combined width of 2 plates equaling the interradial 
dimension. Marginal spinelets 7, increasing in length toward inner angle, the innermost being long, 
tapering, and blunt, the next not quite so long. The 4 spines of companion plates form prominent 
teeth. The most aborally situated spinelet of furrow series (i. e., the seventh) is about one-third the 
length of the third spinelet from inner angle, the third spinelet two-thirds length of median teeth. 
Actinal surface bears 10 or 11 small, scattered spinelets, of which about 3 on each plate are enlaryed 
into spinules. 

Actinal interradial areas are very small, with 6 plates, the 2 innermost (opposite mouth plates, 
much the largest, tumid, and surmounted by 1 or 2 central spinules and 6 or 8 tiny thornlets, like 
those of inferomarginals. The other plates bear a few thornlets. 

Anal aperture nearly central, very small. 

Madreporic body small, circular, with coarse striatums; situated about its own diameter distant 
from marginal plates. 

Color in life: Abactinal surface vermilion, the tip of arm, and a broad V-shaped transverse band 
about midway along ray whitish. Actinal surface white. Color in alcohol, ashy white. 

Locality: Type (no. 21156, U. 8. National Museum) from station 4079, north coast of Maui Island, 
143-178 fathoms, gray sand and foraminifera; bottom temperature 60.8°. 

This species shows no signs of pectinate pedicel larice. It is quite different from any described 
species; the numerous spines on the abactinal surface and bristling armature of both series of marginal 
plates at once distinguish it. Pontaster hispidus Wood-Mason and A 1 cock, and Pontader piloms Alcock 
from the Indian Ocean evidently have pectinate pedicel lariee. The only Pacific forms of "Pontaster" 
(s. s. ) are mbtuberculatus from east of Australia and planeta from west of South America, near Straits 
of Magellan. Both of these forms are widely different from horridus. On account of its bristling 
armature and the absence of a specialized papularium, harridu* resembles the young of Acantharchaster 
Verrill, which lack pectinate pedicellariae. In the present form, however, the papulae seem to be 
lacking from disk except adjacent to base of rays. 

Cheiraater inopa, new species. 

PI. X. fig. 4; pi. xvii, fig. 2. 

Rays 5. R=50 mm.; r=7.25 mm. R=6.9r. Breadth of ray at base (between first and second 
superomarginal plates) 8.5 mm. 

Rays long, slender, tapering gradually from a narrow base to an elongated pointed extremity. 
Disk small. Interbrachial arcs angular, but rounded. Lateral walls vertical. Marginal plates form 
a rather narrow, slightly raised border to abactinal area, which is subplane. No pedicel larise. 

Abactinal paxillse smaller than in preceding species; well spaced; abactinal integument rather 
flexible. The paxillae, which conspicuously decrease in size toward tip of ray, consist on disk of 9 or 
10 very short papilliform spinelets, in a circle, surrounding a central group of from 1 to 4 spinelets. 
Along median radial area of arm and center of disk numerous scattered paxillse bear a single, central, 
short, sharp, tapering spinule. On rays there are usually 5 or 6 very short spinelets surrounding a 
single central one to each plate. In each interbrachial arc, about midway between center of disk and 
margin, is 1 paxilla much larger than any other, bearing a coordinated group of about 25 spinelets. 
Scattered among the larger paxilla? of disk are numerous very small ones. Papula are large, confined 
to an elliptical area at base of rays (papularium), there being 4 longitudinal rows, the 2 median 
nearly twice as long as the lateral, and their papulae also larger. Papularium is more prominent in a 
mutilated specimen than in type, there being 5 to 8 papulae in the lateral series and 8 or 9 more widely 
spaced in the median. 

Marginal plates of lower series alternate with those of upper, as in foregoing species, the first 
inferomarginal being opposite first and second superomarginals, the sutural line between the 2 series 
following a regular angular zigzag course throughout ray. Superomarginal plates, 30 in number from 
median interradial line to extremity of ray, are higher than broad, except on outer half of ray, where 
the 2 dimensions are about equal. The plates are tumid and form a rounded, slightly elevated bonier 
to pax i liar area, the sutures between the plates being set obliquely, as is usually the case in this genus. 
First superomarginal is conspicuously smaller than the succeeding. Each plate bears a short 
(1.75 to 2 mm.) , tapering, pointed spinule, rather nearer the outer than inner margin of plate. These 
spinules are borne on the angle where lateral and dorsal superficies meet, and are usually bent upward. 
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On outer attenuate part of ray they become much reduced in size. First superomarginal either lacks 
the spinule or bears a very small one. General surface of plates is covered with scattered, small, 
papilliform spinelets. 

Inferomarginals form a rounded and conspicuous border to actinal area, on which their length is 
greater than their breadth. They are slightly higher than the superior series. Each plate, on lateral 
face and near upper angle, bears a prominent, cylindrical, tapering, sharp spine, which stands out 
horizontally from ray. These spines are about 3 mm. long, and decrease in length at tip of ray. 
Below this are grouped 3 to 5 shorter and more delicate spinules, often in a rude semicircle, the longest 
being one-half to two-thirds the length of spine. On the inner plates of ray these accessory spinule?* 
are usually placed in an irregular transverse series, accompanied by numerous enlarged spinelets. 
Surface of plates is covered with spaced, usually sharp, papilliform spinelets. 

Adambulacral plates have an angular projection into furrow, the spiniferous rim being rounded to 
subangular. Greatest breadth is greater than length. Armature as follows: (1) A palmate furrow 
series of 7 slender, tapering, blunt spinelets, the 3 or 4 median subequal, or the median slightly the 
longest. (2) On actinal surface 1 conical, erect, pointed spine stands in center of plate. On outer part 
of ray a second smaller spinule is present in an oblique line toward inner aboral comer of plate. 
This spinule seems to be represented throughout rest of ray by a slender spinelet on the aboral border 
of plate. First 2 adambulacrals have a second smaller spine toward the furrow angle, but this does 
not appear to hold for all the rays of the type specimen. Three or 4 small spinelets stand in a row- 
along adoral margin of plate, forming a continuation of furrow series. One or 2 similar spinelets are 
also occasionally found on outer end of plate near inferomarginals. 

Mouth plates prominent, broad, and the united pair strongly convex, with a wide semicircular 
free margin. Their interradial length about equals width of united pair. Each plate bears a marginal 
series of 8 spinelets, the 2 innermost enlarged into flattened, slender, slightly tapering spines, which 
project horizontally over the mouth and with those of the companion plate form 4 "teeth," the 2 
median of which are a trifle the longest. The other marginal spines are about half the length of 
teeth, and diminish in size as they recede from them. On actinal surface of each plate is a linear 
series of numerous spinelets, running parallel to median suture, which decrease in size as they proceed 
outward. Between this series and lateral margin, and much nearer inner than outer end of plate, 
stands a single prominent spine similar to that which is found on the actinal surface of each adambula- 
cral. Numerous small miliary spinelets are found on outer half of each plate. 

Actinal interradial areas small. Intermediate plates 10 to 12, convex, armed with small, widely 
spaced, spinelets. Intermediate plates extend only as far as the fourth adambulacral, and usually not 
beyond third. 

Anal aperture nearly central, easily detected. 

Madreporic body small, subcircular, situated about midway between center of disk and margin, 
marked with coarse radiating striations. There is a large paxilla on its adcentral side. 

Color in life unknown; in alcohol ashy white, yellowish on arms. 

Variations: In a large mutilated specimen which appears to belong to this species the disk is rela- 
tively slightly larger, and interbrachial arcs more rounded. The papularium is more prominent alo. 
Each adambulacral plate bears a second smaller spinule in an oblique line toward the outer adoral 
corner of plate. The inferomarginal plates are slightly broader on actinal surface than in type. It is 
barely possible this may represent another closely related species, but with the material at hand it is 
impossible to determine this. The species of Cheiraster are as a rule very variable. 

Localities: Type (no. 21157, U. S. National Museum) from station 3865, Pailolo Channel, between 
Molokai and Mauai, 256-283 fathoms, fine volcanic sand and rocks; bottom temperature 44.8°. Station 
3868, same locality, 294-684 fathoms, tine gray sand and rocks. Cruise of 1891, 3474, south coast of 
Oahu, 375 fathoms, fine white sand; 8 specimens. 

This species can readily be distinguished from the preceding by the longer, slenderer rays, very 
much less spiny dorsal integument (the spinules being inconspicuous), and less spiny marginal plates. 
It is apparently more nearly related to Ch. planeta, taken by the Challenger Expedition in 245 fathoms 
off the western coast of South America (near the entrance to the Straits of Magellan, opposite Port 
Churruca) than to any other known form. From planHa, inopti would be readily distinguished by its 
relatively smaller disk, more attenuate, longer rays, more numerous papula* in the papularium, and 
by the considerably larger abactinal paxilhe. The armature of the inferomarginal and adambulacra; 
plates also presents points of difference. 
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Family ARCHASTERID£ Viguier, 1878 (emend). 

Archaateridae Viguier, Anatomie Comparee du 8quellette des 8tell6rides.<Arch. Zool. Expe>. et Gener., t. vn, 1878, p. 235 
(separate). Verrill, Trans. Conn. Acad., vol. x, 1899, p. 201; restricted to genus Ar chatter. 

Genus ABCHA8TEB Wilier ft Trotchel. 

Archatter Milller and Troschel, Monatsber. d. k. Akad. d. Wiss., Berlin, 1840, p. 104; System der Asterlden, 1842, p. 65. 
Emended by Sladen, Challenger Asteroidea, 1889, p. 120. Type Archastrr typicus M tiller and Troschel. 

Archaster typicus M tiller & Troschel. 

Archaster typicus MUller and Troschel, Monatsber. d. k. Akad. d. Wiss. Berlin, April, 1840, p. 104. J. E. Ives, Proc. Philad. 
Acad. Sci. 1889, p. 175. 

This well known and widely distributed species was not taken by the naturalists of the Albatross, 
although considerable work was done on reefs and dredging was carried on in shallow water. A 
specimen collected by W. H. Pease is recorded by J. E. Ives (op. cit, p. 175) from the "Sandwich 
Islands". He says: " The specimen from the Sandwich Islands differs from the others by its narrower 
arms and greater number of arm plates, having about 40 to each side of an arm, whereas others have 
only about 35. It differs also in color, being of a very light cream color instead of light or dark 
umber. This however may be due to fading of the original tint".« 

An examination of several Samoan specimens reveals the fact that there is some variation in the 
length and breadth of the rays, while the number of superomarginal plates may be as great as 52. 

This species has a certain resemblance to some forms of Astropecten, but may be readily distin- 
guished from any member of that group by the absence of superambulacral plates, and by the presence 
of a very well defined median radial series of paxillee. 

Family GONIASTERIDiC Forbes, 1840 (pars). 

Goniasteridse (pars) Forbes, A History of British Starfishes, etc., 1841. Verrill, Trans. Conn. Acad., vol. 1, 1867, p. 843. 

Perrier, Revision des StelWrides, 1875, p. 185. 
Pentagonasteridse Perrier, Mem. sur lea Etoiles de Mer, etc., 1884, p. 231. Sladen, Challenger Asteroidea, 1889, p. 260. 

Key to Hawaiian genera of Goniasterid<r. 

a. Whole test not overlaid with a fairly thick skin or membrane, obscuring the plates. 
6. Abactinal area with tabulate paxilliform plates, either rounded or stellate on the papular area, 
c. Abactinal plates round, on the radial papular areas connected by internal, slender, very regular, 

radiating ossicles which are independent of the plates Mediasteb 

cc. Abactinal plates strongly stellate, 4 to 5 lobed, imbricating by the tips of the processes, which 

are stout , Nereidaster 

66. Abactinal area paved with rounded or polygonal plates which may be smooth and bordered by 
a single series of granules, or their surface may be covered with granules. They may bear 
isolated spines and short tubercles, or may be covered with short spines and granules 
invested in pulpy sheaths. Plates not tabulate nor papilliform. 
c. Form pentagonal to stellate. Superomarginal plates separated on ray by at least one series of 
abactinal plates; or occasionally 1 or 2 distal superomarginals are in contact medially. 
d. No prominent spines or tubercles on any of the plates. No enlarged actinal adambulacral 
spines. Abactinal plates smooth or granuliferous. 
e. Granules more or less bead-like. No large bivalved pedicel lariae. 
/. Marginal plates very large and few, the second superomarginal conspicuously larger than 

either the first or third. Abactinal area granulose Pentagon astek 

//. Marginal plates few to many, evenly graduated in size, neither the second nor any sub- 
terminal superomarginal conspicuously larger than the preceding plates Tosia 



a After this paper was ready for the press I received from Dr. H. A. Pilsbry. of the Philadelphia Academy of Sciences, 
the above specimen. I have nothing to add to Mr. Ives's observations, except that very few of the superomarginals bear 
a small upright tubercular spinelet. In one of the Samoan specimens these are conspicuous. The number of superomar- 
ginals is not great for the size (R=60 mm., r*10.5 mm.), since a specimen from Samoa, with R=65 mm., has 48 supero- 
marginals. The armature of the adambulacral plates is the same in Hawaiian and Samoan examples. 
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ee. Abactinal plates covered with flat granules of considerable size, and irregular, often gro- 
tesque shapes. Numerous large bivalved pedicel laria? on both surfaces, but not on 
marginal plates. Marginal and actinal plates covered with polygonal or irregular 

granules Gilbbrtastee 

dd. Marginal plates with rigid tubercular spines, or tubercles. 
e. Distal most 2 or 3 supermarginal plates in contact medially. Abactinal plates smooth, 

having a central tubercle on the radial series Calliastee 

ee. Marginal plates separated throughout the ray. Abactinal, marginal, and actinal plate* 
bearing conical spines surrounded by granules sheathed in a thick, pulpy, investment 

Evoplosom a 

cc. Form stellate; many of the distal superomarginal plates in contact medially. Rays slender. 

at least in outer part; disk well developed. 

d. Abactinal plates smooth, bordered by small, oblong, roundish, or quadrate granule*. 

Actinal plates bearing a few central, tubercular granules, and bordered by bead-like 

granules. Inferomarginal plates without spines Astrockramv* 

dd. Abactinal plates granuliferous, bearing erect sharp spines on radial areas. Infero- 
marginal and actinal intermediate plates bear prominent, mobile, sharp, appres?ed 

spines Calliderma 

aa. The whole test covered by a membrane or skin obscuring the outlines and surface of the plates. 
b. Papulae single, medium-sized, not in areas. Abactinal membrane smooth. All granules of test 
are beneath the membrane. Plates polygonal or roundish, close-fitting. Pedicellari^ 

elevated, spatulate, pincer-shaped Antheniastek 

bb. Papulae very small; in areas. Integument or skin closely beset with small superficial granules. 
Plates strongly stellate. Pedicellarise small, low, slit-like, as in Pentaceros... Gosiodiscide* 

Subfamily MEDIASTEEINU Verrill, 1899. 

Mediasterinse Verrill, Revision of Certain Genera and Species of Starfishes, with Description of New Forms. <Tran*. 
Conn. Acad., vol. x, Aug. 1899, p. 177. 

Genus KEDIA8TBB Btimpson. 

Mcdiaater Stimpson, Journ. Boat. Hoc. Nat. Hist., vol. vi, 1857, p. 490, pi. 23, flgs. 7-11. Type Mcdkuter sequalis Stimpson. 
Itxuter Verrill, Proc. U. 8. Nat. Museum, vol. xvil, 1894, p. 257. Type ArchaeUr bairdii Verrill. 

The following species of Mediaster differs from M. sequalis, the type of the genus, in several important 
respects. The internal connecting ossicles « of the abactinal plates are absent from a very definite 
triangular interradial area, the roundish or somewhat irregular plates being there in close contact, and 
the papulae consequently absent. In Mediaster sequalis, however, both the papular pores and the radi- 
ating connecting ossicles are present right up to the interradial septum, there being only a narrow 
area, where the septum attaches to the abactinal integument, free from papula} and ossicles. The 
appearance, when prepared specimens of the two forms are viewed from the internal side, is quite differ- 
ent. In Mediaster ornatus the pedicellarire are more pincer-like, especially on the actinal surface, 
instead of being low as is the case with irqnalix. In the Hawaiian species the granules of the abactinal 
paxillse are more delicate, ornate, and are not so closely crowded on top of the tabulum as in xquali*. 
In ornatus the furrow spines are 6 or 7 in number, delicate and compressed, and disposed in very 
regular combs. In lequalis they are 3 to 5, stout, unequal, subprismatic, not different in thickness from 
the 2 actinal series. 

Mediaster ornatus, new species. 

PI. XVI, flgs. 3, 3a-b; pi. XX, figs. 1, 2. 

Rays 5. R=52 mm.; r=21.5 mm.; R=2.42 r. Breadth of rays at base, 21 mm. 

Regularly stellate, with a broad disk, usually inflated over radial areas, and with symmetrical, 
regularly tapering rays, which have a broad base. Rays bluntly pointed. Interbrachial arcs wide and 
rounded. Sides of body well rounded, actinal surface plane. 

Abactinal paxillar area covered with medium-sized, ornate, tabulate paxillte, arranged in regular 
series parallel with the median radial. PaxilUe of radial regions and center of disk are more widely 

aLudwig (Mem. Mus. Com p. Zool., vol. xxxir, 1905, p. 126) has described Mediaster elegant (west of Cocoa Island), in 
which there are no internal connecting ossicles. 
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spaced and are larger than those of the triangular interred ial areas. Paxillse of median radial series 
largest, thence decreasing in size toward tip of ray and sides of body. In the radial areas where pax i Use 
are spaced, the papulae (1 to a pore) occur in sixes about each plate, emerging between the internal con- 
necting ossicles. Over a triangular interradial area, however, the papulae are wanting and the paxillse 
are closely crowded. Similarly on outer third of arm the plates lose their special tabulate character, the 
papulae disappear, and the plates become subhexagonal, closely united, and covered with a coordinate 
granulation identical with that of adjacent marginal plates. Median radial series extends to terminal 
plates. As already pointed out, the plates of radial papular area are well spaced, are round, and con- 
nected by very regular slender radiating ossicles, there being 6 ossicles radiating from each plate, and 
each ossicle common to 2 plates. The ossicles terminate abruptly at border of the triangular interra- 
dial area, being coextensive with the paxillse. The tabulum of each plate is roundish, or in the 
median radial series elongated transversely. It is crowned by a central group of 4 to 6 small, thimble- 
shaped granules (in radial series) surrounded by about 15 to 17 longer pinched granules on the 
periphery. Paxillse at sides of radial areas have only about 3 granules in the central group, and 12 to 
15 in the peripheral series; while on the interradial areas they are still smaller. There is considerable 
variation in the number of granules, there being in some specimens a greater number than above 
indicated. A few small 2-jawed upright pedicel larise, each jaw about the size of a granule, are scat- 
tered over the paxillse of disk. They may occur either in the center of tabulum or on the edge. 
These pedicellariae are very simple in construction, being but slightly modified granules. Each jaw 
curves toward its companion, the opposing faces being flat. Anal opening distinct, surrounded by 
about a dozen granules. 

Supermarginal plates, 23 in number from median interradial line to extremity of ray, are broader 
than high in the interbrachial arc, and about as broad as high on the rays, forming a well-rounded 
margin to the abactinal area. They are not massive or tumid, nor do they encroach conspicuously 
upon the paxillar area. On ray they are nearly quadrate, but shorten considerably in the interbrachial 
arc, and are covered with small, uniform, roundish granules, low thimble-shaped in general form, a 
peripheral series of slightly longer ones being in evidence. In the center of a few plates of the inter- 
brachial arc is a small pedicellaria, similar to those of the abactinal paxillse. 

Jnferomarginal plates correspond in number with superomarginals, but are not opposite to them, 
being nearly alternate on the rays. Like the superomarginals they form a rounded margin, and are 
covered with a similar granulation. As a rule there are no pedicellarise on the inferomarginals. 

Adambulacral plates are subquadrate with a nearly straight margin to furrow. Armature as 
follows: (1) A furrow series of 7 untapered, truncate, subequal spines, strongly compressed and rather 
delicate, which form a regular comb, their tips conforming to a slightly curved line, and their bases 
united by a delicate web. (2) On the actinal surface, well spaced from the furrow series, a longitudi- 
nal, regular, slightly curved series of 5 to 6 stout, subprismatic (3-or 4-sided) bluntly pointed spinelets 
about two- thirds the length of those of furrow series and rather more robust, but like them decreasing 
in length toward tip of ray. Well spaced from the first actinal series, near outer margin of plate, is a 
longitudinal row of 5 or 6 long, flat-topped or pointed quadrate granules, larger than those of adjacent 
actinal intermediate plates, between which and the adambulacral granules a bare furrow is present 
Near the adoral edge of plate, between the first and second actinal series, a subprismatic spinule or 
granule may be present which is a constituent of the second series out of line. A tapering spinelet is 
sometimes similarly present between the furrow and first actinal series. 

Mouth plates have a long furrow margin, the companion plates forming a regular angle over- 
hanging mouth and nearly closing the actinostome. Armature as follows: (1) A furrow series of 11 
flattened spines, similar to those of the adambulacral plates, which increase in size toward inner angle, 
the inner 3 being conspicuously larger and broader than the others, and round-tipped, or subtruncate. 
(2) On the actinal surface a superficial row of spinelets extending along the median suture margin, 
decreasing in length to mere granules on outer end of plate. The inner members of this series are 
chisel-shaped. A series of 3 or 4 spinelets runs parallel with the furrow series, and, turning abruptly, 
is continued along margin adjacent to the first adambulacral in about 4 graduated, prismatic granules. 
Space between superficial (suture) series of companion plates is conspicuous, elliptical. 

Actinal intermediate areas are large, paved with irregularly quadrate or roundish plates which 
bear subacute or round-tipped prismatic or thimble-shaped granules in a central group and a regular 
peripheral series, the former being a trifle smaller than the latter. These granules have a pinched 
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appearance, as if distinctly spaced, and are not so crowded as are those of Medicuter xqualis. The 
plates extend along ray to fifteenth inferoniarginal, the outer plates being very small and isolated one 
from another. A few plates bear a low, upright, 2-or 3-jawed pedicel laria, similar to those of the 
abactinal surface. In some specimens the pedicellariae consist of little more than 2 or 3 but slightly 
differentiated granules in a group. On plates adjacent to adambulacrals the pedicellarise are usually 
higher, more differentiated, and have rather narrow subspatulate jaws. In one specimen most of the 
actinal pedicellarise have 3 jaws, and one has as many as 5. These are higher than the abactinal 
pedicel larise, the latter having jaws no larger than the granules. 

Madreporic body situated one-third the distance from center; rather small. Striations coarse and 
characteristic of genus — namely, irregularly radiating but with the furrows interrupted at the central 
end. Adcentrally to madreporic body is a large pax ilia. 

Color in alcohol, bleached yeHowish or pinkish. 

Variations: After the foregoing description was written, and the figures made, 26 additional 
specimens, most of them adult, were received from the IT. S. National Museum. These were taken 
by the Albatross in 1891 off the south coast of Oahu Island. In these specimens the abactinal pax i I toe 
are relatively larger than in the type and fit closer together over the radial papular areas. The 
abactinal pedicel laria* are larger than those of type, and much more numerous. They are more like 
the pedicelliarise of stqualis. They appear almost identical with pedicellariae of Mediaster bairdii, 
possibly a trifle higher. In some specimens they are very thickly scattered over both radial and 
interradial areas, there being often 2 pedicellariie on the radial paxillae. The actinal granules are 
strongly prismatic. 

Considering the specimens collectively, both those from Kauai and Oahu, the chief variations 
appear to be, in addition to the pedicellariae, in the number and character of the granules on pax i life. 
In some specimens these are more thimble-shaped or roundish, while in others they are distinctly 
prismatic. 

Localities: Type (no. 21160, U. S. National Museum) from station 4022, east coast of Kauai Island, 
399-374 fathoms, coral sand, foraminifera, rocks; bottom temperature 41°. Taken also at the following 
stations, in all 35 specimens. 

Record of localities. 



Station. 


Locality. 


Depth. 


Nature of bottom. 


8997 


Southwest of Kauai Island 


Fathom*. 
418-129 
650-409 
286-399 

441-478 


Fine gray sand, brown mud. 
Gray sand, foraminifera. 


4019 


East of Kauai Island 


4021 


do 


Coral sand, foraminifera. 


4028 


Southwest of Kauai Island 


Gray sand, globigerina. 
Fine gray sand and mud. 


4123 


Southwest coast of Oahu Island r 


352-357 
437-632 


4141 


East of Kauai 


Volcanic aand, foraminifera. 









Cruise of 1901: 



Station. 


Locality. 


Depth. 


Nature of bottom. 


3474 


South coast of Oahu Island 


Fathoms. 
376 
351 

298 


Fine white sand. 


3475 


do 


Do. 


8476 


do 


Do. 









This species appears to be most nearly related, so far as appearance is concerned, to " Xymphaster " 
florifer Alcock, from the Andaman Sea, 130-250 fathoms, which is probably not a Xymphaster, but a 
Mediaster. 

Genus KSBEIDA8TEB Verrill. 

Nereidatter Verrill, Trans. Conn. Acad., vol. x, 1899, p. 186. Type Nymphatler aymbolicus Sladen. 

The genus Xereidaster was erected for the reception of Xymphaster symbolicua Sladen, and Xym- 
phaster bipunctus Sladen. "In this group the pedicellariae are high and spatulate, as in Goniatter 
[Phaneraster Perrier] and the adambulacral spines are in very regular parallel rows." (Verrill, 1. c.) 
There is also a single median row of abactinal plates between the superomarginals, which may or 
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may not attain the tip of the ray. In btpundua most of the superomarginals of the ray are in contact, 
but in »ymbolicus the abactinal plates extend to the tip of the arm. 

1 have entertained some doubts as to the propriety of ranking the following species under this 
genus, but it appears to be closer to NereidaMer than to any other known genus. The stellate character 
of the abactinal plates is not mentioned by Sladen in the descriptions of symbolicvs and bipunctus, as 
dissection is necessary to determine this point, but the abactinal paxillae and adambulacral armature, 
as well as the nature of the pedicellariae, are essentially the same in the three forms. The condition 
of the rays, whether long or short, and the degree to which the distal superomarginals are in contact 
in the median line is apparently not a matter of generic importance. 

Nereidaster bowersi, new species. 
PI. xvi, flgs. 4, 4a; pi. xvn, fig. 4: pi. xxi, flg. 1. 

Rays 5. R=68 mm.; r=32 mm. R=2.15 r. Breadth of ray near base (between fifth and sixth 
inferomarginals) 23 mm. 

Disk very broad, somewhat inflated; rays rather short, stout, tapering to a bluntly pointed 
extremity. Sides of body rounded, the marginal plates well developed but not massive. Inter- 
brachial arcs very wide and well rounded. 

Abactinal paxillar area paved with large, low, tabulate pax i lite, arranged in longitudinal series 
parallel with the median radial. Paxil be of latter series are largest, and all decrease in size toward 
extremity of ray and laterally toward the edge of disk. Pax i lite of the central portion of disk are 
slightly smaller than at about the middle of each radius. Those of radial areas are hexagonal as to 
the tabulum, and are considerably elongated transversely in the radial and each adradial series. They 
become more roundish toward the sides of rays. The triangular interradial area is set off more or less 
sharply from the radial (the paxillae being smaller, quadrate or subrhomboid, close-set) and is devoid 
of papulae. The papulae are absent likewise from the outer third of the arm, where paxillae become 
suddenly close-set, lose their tabulate character, and are reduced to simple hexagonal plates. Between 
the distal 8 or 9 supermarginal plates these are reduced to a simple series (the plates often quadrate), 
which dies out near the tip of ray, the last 2 or 3 superomarginals being medially in contact. In 
the cotype none of the superomarginals are in contact. Each paxilla springs from a very strongly 
stellate base, each plate having ordinarily 5 lobes except in the interradial series, where the plates are 
likely to be rather irregular and with only 3 or 4 lobes. The plates imbricate by the tips of these 
lobes, between which, in the radial areas, issue the papulae. The latter are small and single. The 
tabulum of each paxilla is very low and is surmounted by numerous granules, the number of which 
varies through wide limits, according to the size of the plate. Over the papular area the granules of 
peripheral series are slightly pinched, low, square-tipped, more delicate, and often longer than the 
central granules, which are cylindrical, thimble-shaped, often flat-topped, and on the broader paxillae 
of radial area are arranged in 2 or 3 more or less regular transverse series. A large radial paxilla has 
about 30 to 35 marginal granules and 25 central; while the smaller interradial have 14 or 15 peripheral 
and 5 or 6 central. In the latter the difference between the central and peripheral granules is hardly 
noticeable. In the type most of the paxillae or proximal portion of radial areas and central portion of 
disk bear in the center a small pedicellaria with 2 (occasionally 3) slender jaws, which are chisel- 
shaped or spatulate and only slightly longer than the granules. 

Superomarginal plates, 25 in number from median interradial line to extremity of ray, are confined 
almost entirely to side wall in interbrachial arc, but on outer part of ray encroach upon paxillar area, 
there forming a rounded margin. In interbrachial arc they may be described as forming a very steep 
bevel. On rays they are much larger, but are not so broad. General surface is covered with numerous 
low, flat-topped, thimble-shaped granules, there being a very regular peripheral series slightly larger 
and a trifle more widely spaced. A few pedicellariae similar to those of the abactinal plates occur at the 
base of the ray. Distal 2 or 3 plates are in contact medially in type. 

Inferomarginals correspond in number with superomarginals, but are not always exactly opposite 
to them at base of ray. They are much wider than high in interbrachial arc, there conspicuously 
encroaching upon the actinal interradial area. Outer edges of plates in the middle of interbrachial arc 
are shorter than the inner ends, like the stones of an arch. Throughout most of the ray the plates are 
quadrate, but in the interradial arc, and toward tip of ray, they become more and more oblong. Cov- 
ering of plates is similar to that of the superomarginals. Pedicellariae rarely present. 



* >.' BCLLETIS OK THE UJIITED STATES FI*H COMMISSION. 

* ^r.'/--j*rrL \>*Xn* are stiUjoadrate with a slightly convex margin to furrow. Armature*- 
*...•»♦ A f-rn>w <**ri*-» of 7 or 8 blender, parallel, round -tipped or truncate spines, stroo?!y r±*- 

vru*«: --. a ^-»r^*- '-ro»*m i«*- to farrow. The central spine is longest, the series! being graduated Vjmi?i 
**--+- ~?j* a.vi i^r-r.irxif an eJ«-gant and regular comb with a strongly convex edge. The lateral sj.ir.— 
r**- •» «*->'-» r,*t •Kj*-r*il, and all are united for a short distance above the base by a thin web. - * t 
--.- a»-~ va. «-";rfa**-. m*-.i »p*4-ed from furrow series, a longitudinal row of robust, 4-cided« round-tip j*-; 

• * t-«vav *?•!:*♦, e: titer tapered or not. They are stouter, but scarcely so long as the fongesrt forr* - 
+'k'*. Vt**\.'ijl\ plat*-* have 5 spines, the laterals being very short, scarcely more than jrran*: — 
T:, "*./:.- rs \\* greater part of the disk there are 3 subequal spines, with a granule at the ad«-r* 
*~*. 'A \'.m. wrrw* and "ornetirnes a smaller spine to the aboral. These become reduced to 2 n.-rv 

-./ ax A roundish »pin** on the outer part of the ray. Along the outer margin of plate is a reer: _i~ 
'A 4 to *> irr*v"jlarly prisma tic granules, with 1 or 2 continued along the transverse margins f< -r a 
+:y,f\ <\^jliw. An odd spinel** is sometimes present on proximal plates of the series, on the ad "raj 
rr«a*y:r.i. U-tw*«« the f'jrrow arid first actinal series. 

M'/rh piat*» of fair size but not prominent, with a truncate outer end, and a long narrow maxgrir.. 
A'<r*a! »»jrfa/*»- i* "slightly convex, rising toward the medium suture. Armature: tl ) A furrow eeri*- 
' i '.?, to \T>. round-tipped, strongly compressed spines, which increase in size toward the inner end • : 
p a\m. The ten*-* i- not evenly graduated, the inner 3 or 4 spines becoming suddenly longer than th- 
tf.&r*. whi'-h are su^jiial in length with the furrow spines of the first adambulacral. (2) Paraiie". 
»j*h toe furrow series is a row of 6 to 8 spines similar to the actinal spine* of adambulacral*, an-i 
fonii^nga linear *eri<-* with them. The outer portion of the plate is covered with flat-topped, polygonal 
granule, a superficial series along the margin of the median suture being usually evident 

Actinal interred ial areas are large and paved with irregularly polygonal, quadrate, or round b-h 
plate* which decrease in size toward the margin and extend along the ray to sixteenth inferomarginal. 
or to within 15 mm. of the tip. Beyond the eighth inferomarginal there is but a single series. The 
plates are covered with numerous low, spaced, thimble-shaped granules, some of which, on the periph- 
ery, tend to become quadrate. The granules do not quite attain the edge of the plate, so that a 
conspicuous shallow furrow surrounds each group of them. On many of the plates of the eerie* 
adjacent to adambulacrals is a small, 2- jawed pedicellaria similar to but larger than those of the 
abactinal surface. They have narrow spatulate blades. A few are scattered over the remainder of 
actinal intermediate area. 

Madreporic \*x\y of medium size, larger than the surrounding paxilke, situated nearer center than 
midway between it and margin of disk. 8 1 nations irregular. 

Color in alcohol, pinkish gray to pinkish brown. 

Variations: The cotype differs from type principally in having the superomarginals separated 
throughout the ray, the distal 5 to 7 by only a single series of abactinal plates. The paxilke crowns 
are slightly more convex, and fewer of them bear entrenched pedicel larue. 

Localities: Type (no. 21161, U. S. National Museum) from station 4134, west coast of Kauai Island, 
324-225 fathoms, fine coral and volcanic sand; bottom temperature 43.3°. Taken also at 4132, same 
locality, 257-312 fathoms, fine gray sand and mud. 

Judging solely by external appearances, the Pentagonaster arcuatusoi Sladen (Challenger A steroid ea, 
p. 277, pi. lii, figs. 1 and 2, pi. xvm, figs. 5 and 6) appears to be related to the present form, although 
the former may be a Mediwicr. It is not possible to tell exactly until the structure of the abactinal 
plate* is known. Arcuatu* is not a Pentagonaster in the restricted sense. 

Named for lion. George M. Bowers. 

Subfamily OOKIAST£BIH£ Verrill, 1899. 

fiorilH«torln:«* Verrill, Revision of Certain Genera and Species of Starfishes, with Description of New Forms. <Trans. 
Conn. Acad., x, 1K99, p. 200. 

Oenus PENTAGONABTEB Gray. 

pHitntjawuttr Gray, Ann. N. H., vol. vi, 1840. p. 280. Type. P. pulchdlu* Gray. 

Antroi/onium (pars) Miillerand Troschel. System der Asteriden, 1*42, p. &5. 

SttphnwwUr Ay re*, Proc. Boston Soc. Nat. Hist., vol. iv, 1861, p. 118. Type, & elegant Ayres = P. pulchellus Gray. 

l*t nUwontuler (Sect. A, a, pars), Perrier, Revision des Stellerides, 1875, p. 12. 

A*tro(/f/iiinm, Sladen, Challenger Asteroidea, 1889, pp. 263, 285. 

StfphawiHtrr, Perrier, Exp. Trav. and Talisman, 1894, p. 402. (This is antedated 11 years by Prntagonatter.) 

/^/itaywwtfer, Verrill, Trans. Conn. Acad., vol. X, 1899, pp. 147, 157. 
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Pentagonaster as here used includes the old species, P. pulchellu* Gray, P. abnormal* Gray, P hour- 
geti (Perrier), P. gunni Perrier, and P. dubeni Gray. It is thus employed exactly as emended by 
Verrill (1899, p. 157). The following species is nearer to the genus Tosia, apparently, than are any of 
the above-mentioned forms. 

Pentagonaster ammophilus, new species. 

PI. xvi, flgs. 5, 5a; pi. xxil, figs. 1, 2. 

Pentagonal, flat, with nearly straight sides, or in some specimens faintly incurved; not produced 
into rays. R=24 mm.; r=20 mm. R=1.2 r. 

Marginal plates are large, subquadrate, but wider than long, slightly convex, the upper and lower 
series corresponding except at corners of disk, where there are 2 inferomarginals to 1 supermarginal. 
There are in the type 6 upper and 8 lower plates on each side of the pentagon. The superomarginal 
plates form a broad, slightly raised bevel to margin of body, the edge of the pentagon being abruptly 
rounded. Four plates take up the greater part of each side, the plate nearest the ocular being small. 
Of these 4 plates the 2 median are smaller than either penultimate plate. The 2 distal plates at each 
angle are in contact medially. The distal most plate varies much in size, sometimes being very small, 
and usually is of widely different size from the opposite companion. Terminal plate is small. 
General surface of superomarginals is beset with widely scattered, round, inconspicuous granules set 
in shallow pits, except in the outer (lateral) edge, which is covered with similar, larger, crowded 
granules. The line of demarcation between the 2 zones is abrupt but irregular, the crowded granules 
being confined to the vertical side of the disk. On inner margin there are usually 2 or 3 irregular 
longitudinal series of granules. Surrounding each plate there is, besides all of the above, a very 
distinct and regular series of bead-like granules. 

Inferomarginals are similar to superomarginals in shape, but form a slightly raised border without 
a bevel. They are similarly beset with granules, there being rather more along the inner and along 
the transverse margins. 

Abactinal surface is plane or very slightly convex. Plates are flat, closely set, regularly hexa- 
gonal, in 5 longitudinal rows along the radii, the median radial row easily distinguished and most 
regular. They are irregularly 5- or 6-sided, on interradii and center of disk, and much larger in latter 
area, the (apparent) basal and radial plates of the apical system being easily distinguishable. All 
abactinal plates are covered with close-set, bead-like granules, microscopically pitted or roughened. 
A peripheral series, more regular and often slightly elongated, especially on plates of radial areas, 
incloses a central group, which are either coordinated or else arranged in concentric rows. A typical 
plate from interradial area has 40 granules in the peripheral series, and 75 to 80 in the central group. 
The larger plates nearly double this number. On 3 or 4 of the regular plates in each radius, and 
usually on 1 or 2 in an interradius, set in a little pit, is a small 2-jawed, slender, subspatulate pedicel- 
laria. These jaws are ordinarily widely gaping, and rest in special depressions. Base of each jaw is 
much wider than the distal end. 

Adambulacral plates are about twice as wide as long, conspicuously smaller than actinal interme- 
diate plates, and form a very regular series on either side of the narrow furrow. Armature as follows: 
(1) A furrow series of 4 short, untapered spinelets, strongly compressed, edgewise to furrow. They 
have round tips and interlock with those of the opposite side of furrow. Either lateral spinelet is 
somewhat weaker than the 2 central members of the series. (2) On actinal surface 3 (sometimes 4) 
longitudinal series, each with 2 short, blunt, slightly flattened spine lets, which decrease in size as they 
recede from furrow. They are not very regularly arranged, and sometimes a fourth row of 2 or 3 
spinelets is added, especially along outer half of furrow. There are thus from 6 to 11 spinelets on the 
actinal surface of each plate — usually about 8. 

Actinal intermediate plates are large, mostly rhombic, arranged in fairly definite rows parallel to 
the furrow, the plates decreasing in size as they recede from furrow. They are covered with coarse, 
cylindrical, round-tipped granules, larger, longer, and less crowded than those of abactinal surface. 
The special pits of these pedicellarue are usually surrounded by 4 or 5 more pointed granules, a 
cleared space being present immediately around the group. 

Mouth plates are not raised alwve the general actinal surface. Companion plates a„«e closely 
united, their combined width equalling interradial dimension. Free margin of each plate straight, 
the combined plates forming a rather sharp angle. Furrow series of spinelets is 10, similar to but 
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slightly shorter than those of adambulacrals, though larger at the inner angle, and tending to becou**- 
prismatic. The actinal surface is beset with 10 or 11 spinelets, 6 of which are a continuation of the 
inner, actinal series of adambulacrals and resemble them. A series of 4 or 5 smaller spinelete run? 
along the suture margin from outer corner of plate, and meets the first series about halfway to th* 
inner end. In the angle thus formed 1 or 2 spinelets may be present in large specimens. 

Madreporic body is very small, with a few irregular coarse etriations. It is situated at one-fourth 
the distance from center to margin of disk. 

Color in life: Abactinal surface, coral red; actinal surface, whitish. In alcohol, bleached yellow- 
ish, both sides. 

Variations: The chief variation in this species is probably due to age. At any rate the smaller 
specimens have more acute angles to the pentagon, the sides of which show a tendency to beeom«- 
incurved very slightly. The number of marginal plates is fairly constantly f . Occasionally 1 or :' 
of the marginals is abnormally divided obliquely or longitudinally. Young specimens show m«.r- 
irregularity in the number of marginal plates, since the small distal plate may be absent. One 8\**l 
men (R=18 mm.) has the following formulas for the 5 sides: $, {, |, *, j; another (R=ll mm. . 

§> §> If §» i- 

Localities: Type (no. 21162, U. S. National Museum) from station 3919, south coast of Ctehn 
Island, 257-220 fathoms, gray sand; bottom temperature, 45.6°. Taken also at following station- 
4081, north coast of Maui, 202-220 fathoms; 4082, same locality, 220-238 fathoms; .4083, same locality, 
238-253 fathoms; all on gray sand. 

This species may be readily distinguished by its strictly pentagonal form, by the very massdvr 
marginal plates, which are few in number (only 3 to a " ray" in the upper series) and especially )>} 
the fact that the distal most but one of the superomarginals is conspicuously larger than the rest 
Also the actinal and abactinal plates are granular and bear pedicellarise. Penlagonaster ammoph! 
is very distinct from any other species of the genus, none of which are so regularly pentagonal. 1c 
the relative sizes of its marginal plates it resembles most nearly P. bourgeti Perrier, although the laUt : 
has 4 superomarginals to a ray instead of 3, and 2 small plates between the terminal and enlarged 
superomarginal instead of 1, as in ammophilm. *■> 

Genus T08IA Gray. 

Tbsia Gray, Ann. N. H., vol. vi, 1840, p. 281. Type T. australi* Gray. 

Astrogonium (pars) MQller and Troschel, System tier Asteriden, 1842, p. 55. 

To&ia, Gray, Synopsis, 1866, p. 11, pis. m and xvi. 

Pentagonattter (Sec. A, b, pars) Perrier, Revision des Stellerides, 1875, pp. 2C0, 204. 

Pentagonaster (pars), Sladen, Challenger Asteroidea, 1889, p. 264. Perrier, Exped. Trav. and Talisman, 1894, pp. 389, 3» 

Tosia, Verrill, Trans. Conn. Acad., vol. x, 1899, pp. 148, 158. 

Key to Hawaiian species of Tosia. 

a. Abactinal- plates naked, bordered by a series of small spaced granules. Pedicellarwe conspicuous 

ceramoi*ii> 
aa. Substellate; abactinal plates small and numerous, covered with granules micropellet*; 

Subgenus PLINTH ASTER Verrill. 
Section B. Plinthaster, Verrill, Trans. Conn. Acad., vol. x. 1899, p. 161. 

Tosia (Plinthaster) ceramoidea, new species. 

PI. XVI, figs. 6, 6a; pi. XXII, figs. 3, 4. 

Form pentagonal, flat, slightly prolonged at the angles, where 2 of the marginal plates are ir 
contact medially. Sides are fairly straight in fully grown specimen, but in young are deoideuh 
incurved. R=36 mm.; r=25 mm. R=1.44*r. 

Marginal plates are large, but relatively much smaller than in P. ammophilus, and do not enema, h 
so conspicuously upon dorsal and ventral areas. Sides of body perpendicular or superomarginal plate? 
slightly overhanging inferomarginals. The dorsal and ventral series of marginal plates correspond ii. 
position — i. e., do not tend to alternate, the suture between the 2 series being nearly straight. Tberv 
are, in type specimen, 14 superomarginals and 16 inferomarginals. Superomarginal plates are slightly 
tumid, about as broad as high, forming a rounded, slightly overhanging edge to the disk. Thecr*: 
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of the height of each plate exceeds the length. Two distal superomarginals are in contact medially at 
each disk angle. The general surface is smooth, though microscopically roughened with regular pits 
and bosses, but on it are about 30 scattered, low, round granules set in shallow depressions. These 
are usually absent from a narrow zone around the margin. A regular series of flat, roundish, bead-like 
granules surrounds each plate, and on the dorsal surface there are 1 or 2 small, 2-valved spatulate 
pedicellarise on a few of the plates nearest interradial line. Terminal plate is small, armed with a 
short, blunt spinelet. 

Inferomarginal plates encroach upon actinal area more than superomarginals upon abactinal; 
slightly tumid; twice as broad as high, forming a slightly raised, rounded border to the actinal surface. 
Width slightly exceeds the length. The surface is beset with scattered granules, similar to those of 
superomarginals but more numerous, and each plate is surrounded by a regular series of bead-like 
granules. A narrow zone along upper or lateral face of plate is usually free from scattered granules, 
and 1 or 2 spatulate pedicellarise usually take their place. Distal inferomarginal is diminutive. 

Abactinal surface is very slightly convex to plane, often depressed in interradial areas. On radial 
areas plates are regularly circular, or faintly hexagonal, fairly large, close-set, the spaces between 
them being occupied by papulae. The latter are absent from interradial areas, where the plates are 
less regular, usually hexagonal, sometimes quadrate or pentagonal in outline, and of less uniform size. 
All plates decrease in size toward the margin, and toward center of disk. The general surface of a 
plate is nearly flat, destitute of deciduous granules, but roughened by numerous minute bosses or low 
protuberances. Surrounding each plate, and occupying space between adjacent plates, is a peripheral 
series of flattened bead-like granules, with rounded or flattened tips. Numerous pedicellarise, similar 
to those of marginal plates, are present on abactinal surface. 

Adambulacral plates are about as wide as long, with straight furrow margin, but often with an 
angular outer margin. They are conspicuously smaller than the adjacent series of actinal intermediate 
plates. Armature as follows: (1) A furrow series of 7 (sometimes 6 in smaller specimens) stout, blunt 
spinelets, compressed, placed edgewise to furrow. They stand subparallel, and usually perpendicu- 
larly to actinal surface. (2) Following these, on the actinal surface, a longitudinal series of 3 short, 
blunt spinelets about two-thirds the length of furrow spinelets. Then comes another longitudinal 
irregular row of 3 or 4 blunt, conical granules, and on outer edge of the plate a series of slightly smaller 
granules 4 to 7 in number. The ambulacra! furrow is very narrow, the furrow spines of the 2 sides 
interlocking. 

Actinal interradial areas pavad with rather large plates, mostly irregularly 4-, 6-, and 6-sided. 
They are arranged in fairly definite series parallel to adambulacrals, and the plates diminish in size 
toward the margin, the largest plate being in the angle adjacent to mouth plates. All are covered 
with numerous, coarse, but not crowded, rounded or subcorneal granules, and a more or less definite 
peripheral series is distinguishable on each plate. A few plates toward the mouth angle bear 1 or 2 
two-jawed spatulate pedicellarise, similar to those on the marginal and abactinal plates. 

Mouth plates are plane, each with a straight free margin. Marginal spinelets, 7 or 8, are blunt, 
stout, and about as long as furrow spinelets of adambulacrals, of which series they are a simple, 
straight continuation. Most of the spinelets are 3- or 4-sided, and increase slightly in size as they 
approach the inner angle. On the actinal surface there is a row of 3 to 5 smaller, irregular, often 
pointed, thick spinelets parallel to furrow series, and a row of several low, rounded, or subcorneal 
granules along margin of medium suture and 3 or 4 along that edge of plate adjacent to first adam- 
bulacral plate. The outer end of the united pair of mouth plates is broadly truncate. Granules are 
conspicuously larger than those of the actinal intermediate plates. 

Madreporic body relatively larger than that of P. ammophUus, about the size of surrounding 
plates; subcircular; striations of medium coarseness, irregularly radiating. The body is surrounded 
by small flat granules, like rest of abactinal plates. 

Color in life, buff pink; in alcohol bleached yellowish to whitish. 

Variations: A small specimen (R=21 mm.; r=12mm.) has the sidee of the disk decidedly arcuate, 
the relation of the major to minor radius being as 1.75 to 1, instead of 1.44 to 1, as in the type. 
Superomarginals of young specimen encroach more upon abactinal area than do those of the adult. 

Localities: Type (no. 21163, U. S. National Museum) from station 3883, Pailolo Channel, between 
Maui and Molokai Islands, 277-284 fathoms, globigerina ooze; bottom temperature 45.2°. Taken also 
at the following stations: 3865, same locality, 256-283 fathoms, fine volcanic sand, rocks; 4082, north 
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of Maui, 220-238 fathoms, gray sand; 4096, northeast approach to Pailolo Channel, 272-286 fathom?, 
fine gray sand. 

This Tosia appears to belong to VerruTs "Section B. Plirdhaster" (op. cit, p. 161), which prob- 
ably deserves recognition as a subgenus. The subgenus is thus characterized: " Pedicellaria? with 
narrow blades are present, of small sizg, about equal to the granules or but little larger. Adambulacral 
plates are wider, about as large as the actinal plates, and bear many crowded spinules; usually 4 to 6 
in the furrow series. Marginal and abactinal plates usually naked in the middle and often areolated. 
Three to five of the dorsal marginal plates are usually in contact medially" (op. cit., p. 161). The 
only modifications to this diagnosis which our species would necessitate is that the pedicellarue are 
decidedly larger than the granules, and adambulacral plates are smaller than adjacent intermediate 
plates. The present species would line up with T. compta Verrill and T. nitida Verrill from the We?t 
Indies, in which pedicellarise occur in both series of the marginal, and on the abactinal plates, and are 
set in special bilobed pits. Upper marginal and abactinal plates are granulated around the edge*. 
In our species there are scattered granules on the upper marginal series of plates in addition to those 
around the edges, while there are also pedicellarise on actinal intermediate plates. The special bilobed 
pits are shallow. 

This species is the first of the subgenus to be recognized from the Pacific, the others being Atlantic. 

A fair figure of the general form and appearance of Tosia (Plinthaster)' perrieri (Sladen) is to l>e 
found in Perrier, Expeditions Scientifiques du Travailleur et du Talisman, pt. 1, Echinodermes (pi. 25, 
figs, la, lb). Probably Professor Verrill considers this the type of the subgenus. 

Subgenus CERAMA8TER Verrill. 

Section C. Ceramatter Verrill, Trans. Conn. Acad., vol. x, 1899, p. 161. Type Tosia grantUaris (RetzUis), i. e., Atterias 
granularis Rets. 

Tosia micropelta, new species. 

PI. xxi, fig. 2; pi. xxvi, figs. 4, 4a. 

Stellate; rays 5. R=56 mm.; r=29 mm.; R=1.93r. Breadth of ray between first and second 
superomarginals, 28 mm. 

General form flat, with a large disk, produced into 5 short rays, which taper evenly from a broad 
base to a bluntly-pointed extremity. Interbrachial arcs very wide and rounded. Abactinal surface 
slightly inflated. Actinal surface subplane. Marginal plates conspicuous but not tumid, forming an 
even border to body. Rays and disk perfectly rigid. Pedicellariae present only on actinal surface. 

The 2 series of marginal plates are not precisely opposite, plate to plate, on ray, but very 
nearly so. The superomarginals, 13 in number from median interradial line to extremity of ray, are 
much broader than high on disk and inner two-thirds of ray, but on outer third of ray the height 
and width become more nearly equal. The abactinal surface of the plates slopes gently off in a sort 
of bevel and meets the low lateral face, which is perpendicular. In the interbrachial arc the plates 
are only slightly wider than long, the length very gradually diminishing as they approach extremity 
of ray. Abactinal surface of each superomarginal has a large roundish bare space, the lateral face of 
plate being covered with low roundish granules, which decrease in size toward the margin and likewise 
surround the abactinal naked area in 1 or 2 peripheral series. On outer half of ray the bare space 
encroaches more and more upon lateral face, until the last 6 plates have only a marginal series of bead- 
like granules. The granules are low and sunk into a very thin membrane, and those of the peripheral 
series are slightly smaller than the others. A small, spatulate, two-jawed pedicellaria is present 
between 2 of the proximal plates. 

Inferomarginals equal the superomarginals in number, but are slightly larger. They are much 
broader than high, encroaching more upon actinal area than do the dorsal marginals upon the 
abactinal. Plates are covered with granules similar to those of superomarginals, there being a small 
round naked area in the center of the actinal face of each, smaller in size than the corresponding 
areas on dorsal series. The outer 3 or 4 plates have only a single series of peripheral granules, the 
general surface being naked. Terminal plate large, short, and armed with a heavy thimble-shaped 
tubercle. 

Abactinal area paved with small, roundish plates compactly placed, small papula? issuing between 
them, except on a limited area in interradial region, where they are absent. Papulae are single, and 4 
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or 5 are grouped about each plate, any papula being common to 3 or 4 plates. Secondary plates, of 
somewhat smaller but not uniform size, are scattered without order among the other plates, being 
most numerous on interradial areas, and on disk; not so Common on rays. Each of the larger 
(primary) plates bears 1 to 4 (usually 2 or 3) subglobose low granules in the center, surrounded by a 
peripheral series of 7 to 10 similar, but usually somewhat larger ones. The smaller plates bear 
usually 3 to 6 granules, according to their size. The granules appear as if immersed in a very thin 
membrane, which, however, does not extend from plate to plate. Over a narrow interradial area 
(the radial papular areas being wide) the plates are often quite irregular. They are usually roundish 
to subquadrate. Many of them bear on the margin a small, upright, two-jawed spoon-shaped 
pedicel laria about the size of the granules. The jaws are often curved like bull-dog forceps. They are 
less common on the basal portion of the radial areas. 

Adambulacral plates have a straight furrow margin, and are nearly as wide as long, the outer 
margin being often irregularly angular. Armature as follows: (1) A furrow series of 6 (5 on first few 
plates) short, stout, blunt, nearly untapered, cylindrical to faintly 4-sided, and not very uniform 
spinelets. The adoral spinelet is slightly the heaviest. The 6 are subequal in length or slightly 
graduated toward the aboral end of series. Occasionally the central 4 are a trifle weaker than the 
laterals, which may also be rarely a trifle shorter. (2) On the actinal surface 2 longitudinal series of 
granules immersed in a delicate membrane, which makes them appear shorter, in the undried state, 
than they actually are. The first series is well Bpaced from furrow spinelets, and consists of 3 or 4 
subcorneal granules in a fairly straight series. On outer third of ray one of these enlarges into an 
upright, thick, cylindrical, tapering, sharp spinule, increasing in size toward extremity of ray. The 
granules of the outermost series are a trifle smaller, 5 or 6 in number, and follow the border of plates. 
When the latter is angular, an intermediate granule is often present between the 2 series. On the 
outer, spiniferous plates there are usually 3 rows of granules, irregular. 

Mouth plates are large, with truncate outer ends, and a long furrow margin. The combined pair 
are prominent actinal iy, with a broad median suture. Furrow margin very nearly equals length of 
median suture. Armature as follows: (1) 10 short, stout, spinelets, 3- or 4-sided, blunt, shorter than 
adambulacral furrow spinelets, and not uniform as to form and length. Innermost spinelet is abruptly 
enlarged into a tooth; sometimes flattened, or slightly tapering, stout (2) On actinal surface are 
numerous granules similar to those of adambulacral plates, a rather definite series being present along 
the margin of median suture, the innermost member of which is abruptly enlarged into a stout taper- 
ing prismatic spinelet. A row parallel with the furrow series, well spaced from it, is continued along 
the margin adjacent to first adambulacral, to meet the superficial series at its outer end. On the 
triangular area thus enclosed are 2 or 3 granules. All are invested by a very thin membrane which is 
hardly noticeable. 

Actinal interradial areas are large, paved with large, irregular, quadrate to hexagonal plates, which 
decrease in size toward the margin. These plates extend two-thirds the length of the ray or to seventh 
inferomarginal. The plates adjacent to adambulacrals are largest and most regular. All are cov- 
ered with low subglobular granules, a peripheral series being apparent by their more regular arrange- 
ment and slightly smaller size. 

Madreporic body is large, subcircular, and is situated a trifle more than one-third the distance 
rrom the center to margin. Furrows or striations are narrow, irregular, inconspicuous, and inter- 
rupted. 

Anal opening is subcentral, prominent 

Ambulacral furrow is very narrow, the tube feet with large sucking disks. 

Color in life, pinkish buff; in alcohol, a bleached yellowish white. 

Locality: Station 4151, vicinity of Bird Island, 800 to 313 fathoms, fine coral sand, foraminifera, 
stones; bottom temperature, 37.8°. Estimated that the trawl took bottom at about 800 fathoms depth, 
and was dragged up steep slope. Type no. 21164, U. S. National Museum. 

This species appears to belong to that section of Tosia, called Ceramaster by Professor Verrill, 
characterized by having "all the plates above and below usually granulated nearly or quite all over, 
unless rubbed; in some species the marginal plates may often have a small, naked, central area. 
Adambulacral plates with 4 to 6 furrow spines." (Op. cit, p. 161.) This subgenus is mainly Atlantic 
in distribution. 

F.C.B.1903,Pt.»-19 
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Genu A8TB0CXKAXUS, new. 

Type Attroccramtu catlimorphus, new specie*. 

Resembles lron/uter Sladen (type Astrogonium longimanum Mobius) in general form, bat d : .f>^ 
in the following respects: Marginal plates centrally beset with rather coarse deciduous granules: tLr 
superomarginal <at base of ray) conspicuously larger than rest of series; abactinal plates bordered ' 
small, simple grannies, not by "very peculiar valve-like plates" (Sladen); actinal intermediate y\ix^ 
bear numerous tubercular granules; adambulacral plates of fair size, the furrow armature eon*i<:. 
of 5 rather stout, untapered, somewhat compressed, roundly truncate spines which are about a* . 
as the furrow margin of the plate. The 2 median spines are slightly the larger, or 4 are eubequai ^l 
nearly parallel. The adoral spine is nearly always conspicuously shorter than the others. On ar* re- 
surface of plate is a series of 2 stout, blunt, erect, cylindrical, or swollen spines more robust a: : 
\ slightly shorter than the furrow series, while on the outer portion of the plate are 7 to 11, »* .'. 

irregular or thimble-shaped granules, often angular in drying, simulating 2 longitudinal s?^r>~. 
those nearest the actinal spines largest. Rarely a plate bears a large, two- jawed, spatulate, fctrrr- 
pedicellaria. Similar pedicel laria occur on the actinal intermediate areas. 

It will be seen that this adambulacral armature is considerably different from that of Ic**< •■• " 
whose adambulacral plates are small, the furrow spinelets being small and squamous, and the attire 
of about the same size and disposed in several series (J. longinianus, Dujardin and Hupe\ Hist. Nr 
des Zooph. Echin., 1862, p. 3*7, under AfUrogonium wnUyetii). In Icvnaster pentaphyUu* (Alo^i 
also the adambulacral plates are small, with a semicircular furrow series of 10 or 11 small foliacKo 
spinelets in the basal half of ray and 8 to 6 in apical half, of which those at ends of serit* &i> 
thickened; while actinally there are 3 irregular longitudinal rows of depressed granules. 

The character of the superomarginal plates is, I believe, one of importance. The grair: ~ 
surrounding the abactinal plates of Agtroceramus can not be construed into "very peculiar vahV-- 
plates," since they are not plates at all. In Aetroceramus the marginal and actinal plates are grur.aU? 
not smooth as in Iconasler. 

Astroceramus callimorphus, new species. 

PI. XXIII, figs. 1-8; pi. XXVII, fig. 8. 

Rays 5. R=82 mm.; r=24.5 mm. R=3.35 r. Breadth of ray between second and third suf*r- 
marginal 15.5-18 mm. ; between third and fourth 12.5-15 mm. 

Rays long and tapering, rigid, fairly slender after the basal expansion is passed; extremity 
pointed. Interbrachial arcs widely rounded. Lateral walls thick and massive, nearly vertical. ! r 
distinctly concave along the sutural line between upper and lower series of plates. Abactinal arc 
plane; actinal subplane. 

Abactinal area covered with large, flat, naked plates, irregularly polygonal. Those of radial *l 
either adradial series are subcircular or hexagonal in outline, and are more regular than the othr^ 
Those plates of the interradial triangles are usually irregularly 5- to 6-sided. All decrease in si/- *- 
they recede from the center, the largest plates being those of the primary apical system. All xu~*. 
plates are confined to the disk, except 4 or 5 small quadrate plates isolated between 8aperomar>rir li- 
near base of ray. These small plates are separated from one another and alternate with the suprr- 
marginals. Abactinal plates are surrounded by a series of small, oblong or quadrate granule 
flat-topped and set flush with the general surface. The outer free edge of the granules is sometin ..- 
rounded. The general surface of plates is plane, or very slightly convex, free from granule-. i~*. 
roughened by minute bosses. In spaces between the plates small papulae may be seen, alth. a^ 
they are absent from a small triangular interradial area (the outer side of which is bounded by ti - 
interradial pair of superomarginal plates). 

Marginal plates are massive and tumid, the upper and lower series not exactly corresponding . -e 
the ray. The superomarginals, 19 in number from median interradial line to extremity of arm. a-v 
much broader than high, and form a wide margin to body. Their outer free angle is abrup:'} 
rounded, and the length of each plate is about two-thirds to three- fourths the greatest width *l:»: 
the animal is viewed from above, but on the outer part of ray the 2 dimensions are nearly ev-* 
The plates decrease in size both ways from third superomarginal. Tumid portion of both dorsal ail 
lateral surfaces is covered with scattered, low, round granules, which leave a wide, perfectly free ass 
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about the periphery of the plate. On outer part of ray these granules are fewer in number and are 
confined to the rounded edge of the ray. Margin of each plate is bordered by a series of small 
bead-like granules, smaller than those of the dorsal plates. 

Inferomarginal plates correspond in number to superomarginals, and have about the same general 
dimensions, except that first and second inferomarginals are the largest of series. Ornamentation is 
the same as that of superior series, but the peripheral granules are larger. At inner edge of 3 or 4 
plates near base of ray (about fourth to seventh inclusive) is a 2-jawed spatulate pedicel laria, like 
those of the actinal intermediate plates (q. v.). 

Adambulacral plates are wider than long, with a faintly convex margin to furrow. Armature 
as follows: (1) A furrow series of 5 rather stout, untapered, eomewhat compressed, roundly truncate 
6pines which are about as long as the furrow margin of plate. These spines are not so obviously 
compressed on outer portion of ray and are there somewhat tapering. The 2 median spines are 
slightly the longer, or 4 are subequal and nearly parallel. The adoral spine is nearly always conspicu- 
ously shorter than the others, rarely tapering, and set at an angle with the rest of the series. (2) On 
the actinal surface, spaced a little from the furrow series, a longitudinal row of 2 short, blunt, erect, 
cylindrical or swollen spines, more robust, and slightly shorter than the furrow spines. This series 
decreases to a single spine, on the outer third of ray. Occasionally 3 spines are present in the series. 
On the outer portion of the plate are 7 to 11 stout, irregular or thimble-shaped granules, often angular 
in drying, irregularly placed or simulating 2 longitudinal series. Rarely a plate bears a large 2-jawed 
spatulate pedicellaria like those of actinal intermediate plates. One or 2 small, robust spinelets 
usually stand on the adoral margin near the furrow, forming a sort of continuation of the furrow 
series. The short adoral furrow spine appears to be one of these moved to the furrow margin. On 
the aboral edge there is sometimes a similar spine near the furrow. 

Mouth plates are rather large but not especially prominent. Each plate forms a wide isosceles 
triangle, the base toward median suture. Free margin extensive. Actinostome very small. Arma- 
ture as follows: (1) A furrow series of 7 stout, flat, truncate, or roundly tipped spines, increasing in 
length toward the inner angle. Some of the spines show a tendency to become prismatic. The plane 
of flattening is transverse to furrow. The inner spines are conspicuously enlarged and vary somewhat 
in shape. They are compressed to a thin blade with a truncate tip, which is broader than the base, 
so that the spine resembles a long hatchet-blade. At one mouth angle, however, the 2 teeth are not 
conspicuously widened. (2) On actinal surface, a superficial row of tubercles and spines present 
along the margin of median suture. The inner 2 are heavy, subprismatic, blunt. Rest of series 
(4 to 5) are blunt, irregular, subprismatic tubercles, or large granules, similar to those of adambulacrals. 
One inner spine and 2 or 3 tubercles form a similar series along the margin adjacent to first adambu- 
lacral. All are rather widely spaced. 

Actinal interradial areas are large, and extend to fourth inferomarginal (in 1 ray to sixth). 
Small, isolated, intermediate plates extend on 1 ray as far as seventh inferomarginal. Intermediate 
plates are large, irregularly 4- to 5-sided (rarely hexagonal). The series adjacent to adambulacral is 
largest; all decrease in size toward margin. Each plate is surrounded by a series of unequal, bead- 
like granules, and on the general surface there are 1 to 5 larger, thimble-shaped granules, scattered 
irregularly and widely spaced. Many of the plates adjacent to the adambulacrals, as well as 1 to 3 
others in the interbrachial region, bear a single, large, 2-jawed, spatulate, tongs-like pedicellaria. 
Each jaw has a distal expanded portion with a curved, serrate edge, and a narrower pedicel which 
again expands at the base to be inserted into a special slit. The special depressions for the jaws when 
opened are shallow. Five pedicellariee have 3 jaws each. 

Madreporic body is inconspicuous, irregularly hexagonal (shield-shaped), surrounded by 3 large 
plates. It is situated one-third distance from center of disk to extreme margin. Striations are of 
medium size, irregularly radiating. 

Anus subcentral, small, surrounded by enlarged granules. 

Tube feet with large sucking disks. Ambulacral furrow narrow and arched over by the armature 
of adamulacral plates. 

Color in life not taken; in alcohol, bleached yellowish, with a pinkish cast on superomarginals. 

Locality: Station 3857, Pailolo Channel, between Molokai and Maui islands, 127-128 fathoms, fine 
sand, yellow mud; bottom temperature 62.5°. One specimen, type no. 21165, U. S. National Museum. 
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Gnu OALUBEBMA Oray. 
Calliderma Gray, Proc. Zool. Soc., 1847, p. 76. Type, C. emma Gray, P. Z. 6., 1847, p. 77; Ann. K. H., vol. xx, 1647, p. 190. 

Oalliderma spectabilis, new species. 
PLxxrv, figs. 1,2: pl.xxv, figs. 1-8; pl.xxvi,flg.3. 

Size large; form pentagonal, the angles prolonged into rays, the outer attenuate portion of whi< •! 
is formed by marginal plates only. General form depressed, flattened, abactinal surface subplane :<> 
slightly convex. Inter brachial arcs are very wide, the interradial portion of the margin of disk bein* 
straight and passing gradually into the rays, which have thus a broad base and taper rapidly into tl* 
elongated slender outer portion, the distal 20-26 superomarginal plates of adjacent sides being in c*u- 
tact medially. Disk is very large in proportion to rays. R =202 mm.; r =86 mm. R=2.37r. 

Marginal plates are well developed, forming a stout border to disk, but relatively not so larjz*- & 
in C. emma. Plates of upper and lower series do not exactly correspond in number, nor are they 
exactly opposite, except sometimes for a short distance on either side of the interradial line. Through- 
out most of the ray they are usually alternate, the suture between them having a zigzag course. Eda- 
of disk is square-cut on both surfaces, the lateral surface of the plates sloping inward toward theraturv 
between the 2 series, so that the lateral face of disk and rays is concave or like a shallow V-*hape*i 
trough. 

Superomarginal plates are broader than high and about as high as long. In interbrachial arc thr 
outer margin of each plate is often slightly shorter than the inner, but the plates are irregular in tl.i? 
respect. Surface of plates subplane to slightly convex. There are 90 to 94 to each side of the hody 
(more numerous in the largest specimen; 77 in a medium small specimen). General surface is ti- 
ered with numerous, crowded, low, round, flat-topped granules, a marginal series being usually 
distinguishable. Granules of the latter become subcorneal along the margin adjacent to inferonur- 
ginals, and those of the lateral face of plate are more rounded than on dorsal surface. On the angular 
margin, where lateral and dorsal superficies meet, each plate bears 2 to 4 stout, short, tapering, very 
sharp spinules in a longitudinal series, and they extend along the ray to within 4 or 5 plates of where 
the 2 series of superomarginals meet medially. Throughout rest of ray they are absent. 

Inferomarginals are slightly larger than the superomarginals, and also a little higher, their width 
on the actinal surface being greater than that of the superomarginals on the abactinal. ' They form a 
raised border to the ventral surface. The free margin is rounded on the outer part of ray. General 
surface is covered with flattened granules, similar to those of the dorsal marginals, but on the actinal 
surface these are rather more squamiform and subacute. The actinal surface is beset with prominent, 
tapering, occasionally slightly flattened, sharp, mobile spines, about 5 mm. in length, there beinpl- 
to 20 to each plate. They are smaller and fewer in number on the outer part of the ray. 

Abactinal surface is capable of some expansion. Plates are flat, hexagonal, and regular on 
the radial areas, a papular pore being situated at each angle of the hexagon. The papular area i> 
widest in the basal radial area, constricting on the ray and toward center of disk, where there h a 
narrow circular papular area (bounded externally by the madreporic body) surrounding the anit 
The large triangular interradial area is devoid of papulae, and is paved with mostly 4-sided plate. 
which, like those of the radii, decrease in size as they recede from the center. They are covered with 
crowded, round, flat-topped or only slightly convex granules, larger than those of superomarginal? 
These granules increase in size toward the center of disk, and the centrally situated granules of ea< * 
plate are slightly larger and usually more convex than are those at the sides. The plates of the radial 
papular areas are armed with larger, globular granules, one much enlarged, and often subcorneal, with 
3 or 4 similar granules nearly as large grouped around it. Along the proximal portion of each papular 
area the plates of the 3 to 6 median longitudinal series bear each an erect, central, conical epine, fc 
long or longer than the inferomarginal spines (5 mm.). In the type this spiniferous area is 50 mm. 
long by 15 to 20 wide. There are, besides, 5 stout spines around the anal opening. These abactinal 
spines are very characteristic and are more conspicuous in the medium-sized specimens than in the 
* 'giants," such as the type. The radial and either ad radial row of spines are the longest and subequal. 
while a varying number of lateral shorter series is added at either side. Granules are often arrant 
in circles about the base of a spine, and the enlarged central granule of the other plates of radii it 
graduated in size in such a manner as to become smaller as it recedes from the spines. On the ay 3 
to 6 granules larger than the others replace this central granule. 
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Adambulacral plates have a straight margin to furrow. The width of each plate is about two- 
thirds the length. The armed portion of actinal surface has the appearance of being more or less 
elevated above the level of the furrow margin. Armature as follows: (1) A furrow comb of 12 to 15 
straight, untapered, slightly flattened, roundly tipped spinules, standing parallel. The proximal 
plates bear usually 12 spinules; those more distantly situated 14 or 15, while the plates at the tip of 
the ray only about 9. The lateralmost spinelets are shortest. A very characteristic feature of these 
spinules is that their tips do not conform to a straight or a regularly curved line, but rather to a 
cdmpound curve. That is, the adoral half of the series is longer than the aboral, the exact relations 
showing better by figure than description. (2) The actinal surface of proximal plates bears about 6 
erect, stout, tapering, sharp, movable spines disposed in 2 regular, or irregular, longitudinal series, or 
else without very definite arrangement. They average from 5 to 7 mm. in length. One of them is 
usually longer than all the rest, while frequently 1 or 2 others are not more than half as long as the 
longest. These actinal spines are reduced to 3 or 4 at about the middle of the radius, and to 2 on the 
outer attenuate portion of the ray. They are then arranged in an oblique transverse series, on the 
aboral half of the plate, the axis of the series running from the inner aboral corner to the middle of 
the outer edge. Proximal adambulacrals bear fewer actinal spines in medium sized and small 
individuals.' Numerous large, irregularly subprismatic or squamiform granules are grouped about the 
border of each plate, except, of course, on the furrow margin. 

Actinal interradial areas are very large, the intermediate plates extending along ray to nineteenth 
inferomarginal (from median interradial line) or to within 2 plates of the point where superomarginals 
of adjacent sides join medially. The plates are large, distinct, flat or slightly convex, irregularly 4 or 
5 sided (occasionally hexagonal), those adjacent to the adambulacrals largest and most regular. All 
plates decrease in size as they approach the margin. They are covered with coarse, roundish, or sub- 
squamiform granules, a peripheral series of smaller, closer ones being usually distinguishable. Each 
plate bears a central, sharp tapering prominent spine about 5 mm. in length. The plates adjacent to 
adambulacrals usually bear 2 or 3 in a transverse series, these being longer than the spines over 
remainder of interradial area. Likewise the proximal plates of the next 2 longitudinal series bear 
each 2 spines. 

Mouth plates are small and narrow, the width of the united pair being equal to one-half the inter- 
radial dimension. Companion plates together form a sharp mouth angle with a long free margin. 
Marginal spinules 14, like those of adambulacrals, the innermost being somewhat enlarged and sub- 
prismatic. Actinal surface of each plate bears 8 robust, erect, sharp spines (like those of the adam- 
bulacral plates) in an irregular interradial row, with 1 or 2 odd spines in the corner adjacent to first 
adambulacral. There is great variation in the arrangement of these spines. Often there is a series 
of 4 parallel with the furrow margin, and a row of 3 to 5 extending thence to outer end of plate, decreas- 
ing in size outward. Margin of plate (excepting toward furrow) is lined with an irregular series of 
large, robust, subprismatic, or often subspinose granules. The odd actinal interradial plate adjacent 
to the outer end of the combined mouth plates bears 6 to 9 spines. 

Madreporic body is circular, convex, with irregular striatums. It is situated near the center of 
disk, about 12 mm. from anal opening (one-seventh distance from center to edge of disk). 

In a medium-sized specimen examined the abactinal plates of the radial and either adradial series 
are distinctly 6-lobed. The other plates of the papular area, on either side of these, rapidly lose the 
lobed character. Near the primary radial plates the lobes become detached and form internal short 
radiating ossicles (4 to a plate) joining neighboring plates. The lobed plates touch each other by the 
lobes, usually only 4 lobes (2 on either side of plate) being sufficiently enlarged to impinge regularly 
on those of laterally situated plates. Each radial plate is thus joined to 2 adradials on each side. 
There are 5 large polian vesicles, and 5 conspicuous, distal ly bifid intestinal coeca. Interradial septa 
single, uncalcified. 

Color in life: Abactinal surface bright cadmium yellow except the radial papular areas, and a 
circular area about the inus (bounded externally by the madreporic body), which are bright madder 
pink. The erect spines are whitish. Dorsal surface of superomarginal plates, except on outer third 
of ray, madder pink. The abactinal area of pink is lanceolate in shape, and about the border grades 
into the yellow area. The enlarged granules here are pink, while the rest of the plate is yellow. 
Many of the granules are deeper colored than the general tint. Actinal surface whitish. 

Variation and young: This species is subject to a certain amount of variation which appears to be 
mainly due to age. There is represented in the collection every gradation in size from the smallest, 
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with a major radius of 32 mm., to a giant with major radios 217 mm. The principal difference in 
general shape is a more rounded interbrachial arc in the young, which gives a greater prominence t«» 
the ray. The adults have a large, heavy disk and relatively less prominent though not shorter raj> 
The spinulation of superomarginals is weak or lacking in the small individuals, but the erect spines * n 
the abactinal plates are often rather more conspicuous, though not necessarily so numerous. The^ 
ahactinal spines are well developed in all specimens, and are thoroughly characteristic of the specie*. 
On account of the more reduced disk in small specimens, the -radial papular areas with their special 
armature and larger granules are rather more extended than in medium-sized and adult specimen?. 
Young examples also have fewer adambulacral spines, both furrow and actiual. Inferomarginal 
spines are much fewer in young. The following table records a few of the more important difference- 
due to age. Not all specimens are here noted. 

Table showing variation of specimens. 



Station. 



Major 

radios, radius. 



4077a .... 
4077b.... 


mm. 
32 
47 


4077c .... 


. 61 


4077d.... 
4077e .... 


56 
59 


4077f 

4077g.... 
4096 


66 
68 
74 


4077h.... 


85 


40771 .... 
4077J .... 
4098a .... 
4077k.... 
40771 .... 
4077m 


87 
90 
103 
135 
143 


3938, type 
4102 


202 
217 



Number N»«ber 

radii M . m * I £ nft J:pla&8in 
8ide * I on ray. 



Adambulacral 
armature. 



mm. 
13.5 
16.5 

18 

19 
20 

23 
22 
24 



30 
30 
37 
45 
55 
65 
84 
95 



Abactinal spines to 
each radial area. 



31 
45 

48 

50 
50 

54 I 
54 | 
64 j 
l 
64 

60+ 

68 

74 

92 

96 



11 , Well developed 
18 do 



18 I 28-30 to each radius; 
2-2.5 mm. in length. 

18-19 do 

18 do 



90-94 
106 



19 
20 
24 

24 

22 
24 
24 
81 
31.5 



do 

do 

Very well developed, 

50-65 in each radius. 

18-20 



a 23 
629 



30-35 

35-38 

25-38, large. 

20-22 

45-55 

50, average . 
43, average . 
25-40 



Furrow 
spines. 



7- 8 
8-10 

8-10 

8-10 
8-11 

9-12 
7-11 
8-12 

9-12 

9-12 
9-12 
8-13 
9-14 
8-13 
9-15 
9-15 
Max. 15 



Actiual i 
spines. I 



2-4 

2-4 
2-4 
2-4 
2-4 
2-6 
2-* 
2-7 
2-8 



Inferomargi- 
nal spines. 



SuperomarginaJ 
spines. 



i 



2-3 3-4,short Absent 

2-8 3-5 A few tubercular 

I granules. 

2-3 3-5 Do. 

2-3 , 4-6 ' Nearly absent. 

2-3 I 4-6 Scattered conira 

i tubercles. 

2-4 ' 5-10 i 2-3 conical tubercle-. 

2-3 5-10 1 Do. 

2-4 I 5-10 2-4 conical tubercle. 



5-10 ' 2-4 poorly develop) 

tubercles. 

5-10 2-3 spinules. 

5-11 Do. 

5-11 Do. 

5-13 Do. 

Maximum 15. 2-4 spinules. 
Maximum 15. Mostly 4. 
Average 12-20.: 2-4 larger spinules. 
Average 15-30. Do. 



a Arm tip Injured. 



b Arm tip gone. 



Localities: Type (no. 21166, U. S. National Museum) from station 3938, vicinity of Laysan Inland. 
148-163 fathoms, white sand and broken shells; bottom temperature, 60.3°. Taken also at the fol- 
lowing stations, in all, 20 specimens: 

Record of localities. 



Station. 



3838 
4074 
4077 
4079 
4098 
4102 



Locality. 



South coast of Molokai Island . 
North coast of Maui Island 

do. 

do. 

do. 



Depth. 



Fathoms. 
92-212 
78- 85 
99-106 
143-178 
96-152 
.do i 122-132 



Nature of bottom. 



I 



Fine grayish-brown sand. 
Coral sand, foraminifera. 
Fine coral sand. 
Gray sand, foraminifera. 
Coral sand, foraminifera. rocks. 
Fine gray sand, foraminifera. 



This is the most striking species taken by the expedition, and is remarkable alike for its beautiful 
coloring and the large size of mature individuals. It is apparently rather common on sandy bottom 
between 78 and 178 fathoms. 

Calliderrna may be distinguished from other genera of the Goniasterinae by the prominent, mobile 
spines on the ventral plates, as well as by the broad disk, and attenuated rays, composed only, on 
the distal part, of the marginal plates. From its only known living congener, CaUiderma emma Gray, 
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the present species is distinguished principally by the erect and prominent spines of the radial series 
of the abactinal surface of disk. The following differences may or may not be constant: C. ajxctabilis 
has rather narrower and more numerous superomarginal plates, more prominent adambulacral spines 
(both series), and the superomarginal, inferomarginal, and actinal intermediate spines appear rather 
large. Spectabilis is undoubtedly closely related to ernma, which hails from Japan. When described 
by Gray the locality of this species was unknown, but a specimen was subsequently found in a bottle 
of insects from Japan. (Perrier, Rev. Stell., p. 226.) 

Genua CALLIASTEK Gray. 
CaUiaster Gray, Ann. N. H., vol. VI, 1840, p. 280. Type, CalHatUr chMreni Gray. 

Galliaster pedicellaris, new species. 
PI. xxvii, flg. 1; pi. xxvin, flgg. 1, 2; pi. xxxi, fig. 1. 

Rays 5. R=75mm.; r=25 mm. R=3 r. Breadth of ray between second and third superomar- 
ginal plates, 18 mm. ; between fourth and fifth, 13 mm. 

Rays rather long and narrow, very gently tapering to a blunt extremity, the distal superomarginals 
being in contact medially. The rays appear of nearly uniform width after the somewhat abrupt .basal 
expansion is passed, although they taper slightly. Interbrachial arcs widely rounded. Lateral walls 
thick, vertical, abactinal surface slightly convex on disk. Disk and rays very rigid and hard. 

Abactinal area is narrow on rays, being narrower beyond the fourth superomarginal than the 
width of a single superomarginal plate. On outer part of ray abactinal plates are reduced to a single 
series, the plates being separated one from another by the superomarginals, which meet in the median 
radial line. Abactinal plates are large, irregularly circular, those of median radial series being slightly 
the largest and somewhat lengthened transversely on basal portion of radial area. The plates of inter- 
brachial angle are not so regular. On central portion of disk there are numerous small plates scattered 
among the larger. These are arranged in more or less of a definite circle around each "radial" plate 
of the primary apical system, and also partially encircle a few neighboring plates. Each primary 
"radial" plate bears a thimble-shaped tubercle, which is repeated on 3 succeeding plates of the median 
radial series, thus making a longitudinal row of 4 tubercles on the proximal portion of each radial 
area. Unfortunately, with the exception of a single tubercle, these are all broken from the unique 
specimen. The scar seems to indicate that they decrease in size outward. The other abactinal plates, 
with the exception of a few in interradial area which are fiat, have exposed surface slightly concave, 
and bear in the center a low round granule often set in a special shallow pit with slightly tumid edges. 
Margin of all plates is surrounded by an irregular series of small, poorly defined, low, flat topped 
granules, either roundish or elongated. They lie flush with the level of plates and are more or less 
sunk in membrane, which is visible between the plates. Occasionally there are 2 or 3 series of gran- 
ules, always irregular. In interspaces between the plates small papulae may be seen. 

Marginal plates are massive, forming a broad, solid border to disk and rays. Each plate is dis- 
tinct and tumid. The superomarginals, 15 to 16 in number from median interradial line to extremity 
of ray, are broader than high, and the length is about four-fifths of the chord of extreme width. They 
very gradually decrease in size toward extremity of ray. The 4 or 5 distal plates of each ray are in 
contact medially, while 4 to 6 plates centrally from these may touch by their inner edges, segregating 
1 to 4 quadrate, abactinal plates. Each plate bears in the center, on the exposed tumid portion, a rigid, 
blunt, tubercular spine or elongated thimble-shaped tubercle which decreases in size toward tip of ray, 
and on the last 4 or 5 plates is reduced to a small granule (or may occasionally be wanting). The 
general surface of plates is smooth, except for a group of 2 to 6 small granules, just under the spine, 
on plates of interbrachial arc; and the margin is surrounded by an irregular, usually double, series of 
small, elongate, flattened granules similar to those encircling the abactinal plates. Terminal plate is 
large, with 3 apinules. 

Inferomarginal plates are usually opposite superomarginals, to which they correspond in number. 
They are similar in character to the superomarginals, are tumid, and bear, each, a short, robust, blunt 
spine on the ventro-lateral face. On the first 3 plates there is also a similar spine on the lateral face, 
in a transverse series with the first. The first 4 or 5 plates have a few scattered granules in an irregular 
group on the lateral face, above the spines, and a similar group on the first 2 plates below the inferior 
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#jfti)e-. The plates are also surrounded by a series of granules, similar to bat larger than those of the 
wf*<T< ^marginals. Occasionally this series is incompletely doable, especially along the lower maipt 

Alambolacral plates are considerably broader than long, and the actinal surface is slightly rai*-! 
above the level farrow margin (i. e,, when animal is viewed from below). Armature as follow- 

A farrow comb of 9 (or 8; spines, the lateral members of which are usually shorter than the oth*r 

. m hich are subequal, parallel, about as long as the plate, round-tipped, slightly compressed, at i 

TjnLfl[*red. The adoral end of each series overlies the aboral end of the adjacent series toward mouth 

m the actinal surface 2 thick, robust, cylindrical, blunt or truncate spines disposed in a tran^ver^ 
row. These may be very slightly tapering, and are about as long as the width of a plate. Margin «* 
plat i? Is surrounded by a single series of large, bead-like granules, and there are also 2 or 3 jrranuleg «.r 
the general surface of the plate. 

Mouth plates are not prominent, but of fair size, elongate. The united pair form a regular pr»- 
jetting angle, with a long free furrow edge. Each plate is a low isosceles triangle in shape, the ba?* 
to the median suture. Armature as follows: (1) A furrow series of 9 spines, the outer 6 of which ar* 
Like those of the adambulacral plates and increase slightly in length toward the inner angle. Tb*- ■• 
in tier spines are much larger and heavier, and increase in size toward the inner angle, the innerm**: 
tooth being blunt, heavy, and flattened on the actinal surface. There are thus 6 teeth at earh 
mouth angle. (2) On the actinal surface one heavy spine, like the corresponding spine of aydanit-o- 
tacrmle, situated at about the center of plate; and a much smaller spine standing in line with it, to war; 
tbl inner angle. The latter varies in size. Several large flattened granules occur near this spin*: 
A Long the edge adjacent to first adambulacral, and on outer half of median suture margin (i. e., behin : 
the big spine) are numerous (12 to 14) large irregular granules in an irregular series. 

The actinal interradial areas extend as far as the fourth inferomarginal. They are pave*! with 
)»nru 4 to 5 sided plates, which are bordered by a row of prominent bead-like granules. Those plater 
adjacent to the adambulacrals are slightly convex, and as far as the third inferomarginal each l»ear> a 
laryi? 2- jawed pedicellaria, set in a special depression. Each jaw is broadly spatulate and rounded at 
the tip and when the pedicellaria is open fits into a special depression of the plate. Two or 3 otl*r 
plates in the interradial region also bear a single pedicellaria, so that there are 19 or 20 pedicellarU 
t liteh actinal interradial area. The majority of other plates bear 1 to 6 bead-like granule* on tin- 
rarface, in addition to the peripheral series, and these are usually clustered to one side, leaving m>.*r 
of the plate smooth. 

Tabe feet have large sucking disks. Ambulacra! furrow is very narrow, entirely closed over h 
the farrow armature. Anal aperture is subcentral, very small. 

adreporic body is flat, circular, larger than any abactinal plates; situated midway between 
renter of disk and inner edge of superomarginals. 

Color in life: Abactinal area between chocolate color and Mars brown; superomarginaJ plate? 
ch« *** >late; spaces between abactinal plates in central portion of disk much darker, showing the plate 
in relief. Actinal surface buff pink, excepting large spines and adambulacral plates, which are cream 
color. Color in alcohol, dull brown, lighter beneath. 

locality: Station 4100, Paiiolo Channel, between Maui and Molokai Islands, 130 to 151 fathom?. 
Bira) sand, shells, foraminifera; bottom temperature, 61°. One specimen, type no. 21167, C. S. 
National Museum. 

This remarkably beautiful starfish evidently belongs to the genus CalliaiUr, although the other t 

-wn species are devoid of pedicellariae. This feature alone will serve to distinguish the present 

form. It is also characterized by the following details of structure: The rays are longer and narrower 

l.iin in the other species, with several distal superomarginals in contact medially; abactinal spine? 

am; fewer; supermarginal spines fewer and larger; actinal adambulacral spines 2 and very lany; 

urrowcomb of 8 or 9 spines; no enlarged tubercle on actinal intermediate plates as in bacwtw. 

There are numerous minor differences which are appreciated bv a comparison of figures. CdMaM* 

/. 'dreni comes from Japan, C. baccatus from Simon's bay, Cape of Good Hope, 5 to 18 fathoms, 

Genu GILBEBTA8TER, new. 

Type Gtibertcutcr anacanthtu, new species. 
Form stellate, with a broad, slightly convex disk and wide, rounded interbrachial arc Manrinal 
prominent. No spines on abactinal, marginal, or actinal plates. Pedicellari* very larg^iai 
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Abactinal plates flat, roundish, or not very regular polygonal in shape. A definite medio-radial 
row can be distinguished, the other plates being arranged in more or less parallel series, decreasing in 
size toward margin and tip of ray. Each plate is covered with large, close-set, flattish, very irregular 
valve-like granules, those about the border being smaller than the centrally situated ones. Scattered 
over disk and basal portion of rays are many large bivalved pedicellariae, which are oblong in shape 
when viewed from above. Conspicuous papula? emerge singly from sutures between the plates and 
are generally distributed except at end of ray. 

Marginal plates are conspicuous, numerous, devoid of either spines or pedicellaroe, somewhat 
convex. They are covered with rather large, flat, round, hexagonal or irregular granules. 

Adambulacral plates massive, nearly quadrate, with a variable and irregular but not prominent 
armature. Armature as follows: (I) A furrow series of about 2 or 3 short, stubby, very robust 
spines, flattened in a horizontal plane, and with truncate or irregular tips. Middle spine is often 
shorter than the 2 laterals; or occasionally a very large bivalved pedicellaria stands at the margin in 
place of the spines. (2) On the actinal surface 8 to 12 large, irregular, depressed, spaced, quadrate 
and polygonal granules of different sizes, and arranged without constant order. When a suggestion 
of 2 irregular longitudinal series can be seen, the inner -has much larger granules. Bivalved 
pedicellariae frequently replace some of the granules. No prominent spines on the actinal surface of 
any of the adambulacrals. 

Mouth plates narrow, and slightly convex actinally. Armature consists of about 5 robust furrow 
spines, the inner massive, blunt, and subprismatic, with flattened side to actinostome. The actinal 
surface is covered with granules similar to those of the adambulacrals. 

Actinal interred ial areas well developed, paved with large actinal intermediate plates arranged in 
not very regular series parallel to furrow. These plates are very irregularly subquadrate to polygonal, 
and are covered with heavy, quadrate, oblong, or roundish granules, the exposed surfaces of which 
are flat. The plates adjacent to the adambulacral are larger than the others, and each bears a large 
bivalved pedicellaria surrounded by a single series of granules. Other smaller pedicellariae are scat- 
tered over the rest of the interradial area. 

Madreporic body of medium size, subcircular, convex; situated one-third distance from center of 
disk to extreme margin. It has no striae, but is perforated with irregular pores of conspicuous size. 

Gilbertaster anacanthus, new species. 

PI. XXVII, figs. 2, 2a-2c. 

Rays 5. R=65mm.; r=22 mm. R=3r. Breadth of ray at base (between second and third 
superomarginals) 16 mm. ; half way between base and extremity, 10 mm. 

Rays rather long and narrow, tapering abruptly at base, and then very slightly throughout rest 
of distance to the blunt extremity. Disk of fair size and rays inflated. Marginal plates well rounded. 
No spines of any description on general surface of body. Very large, low, sessile, bivalved pedicellariae, 
on actinal and abactinal surfaces but not on marginal plates. 

Abactinal area is paved with close-set, flat, roundish, or not very regular polygonal plates. A 
definite medio-radial series can be distinguished, the other platesJbeing arranged in more or less regular 
rows parallel with it, decreasing in size toward the tip of ray and margin of body. Each plate is 
covered with close-set, superficially flat, large, very irregular granules. Those about the border of 
plate are smaller than the centrally situated ones, and form a very irregular peripheral series. The 
central granules, 2 to 6, are elongate, roundish, or rarely polygonal, while many have grotesque out- 
lines quite impossible to describe. On small plates in the interradial areas, there is usually only a 
single large central granule. The exposed surface of granules is usual ly very slightly rounded or convex. 
Scattered over the disk and basal portions of arms are many large bivalved sessile pedicellariae, which 
are oblong in shape when viewed from above. They average 1.5 mm. in length and are most 
numerous in interradial areas, extending thence as a single series along either side of the ray, just 
adjacent to superomarginals. They are absent from the median radial series of plates except rarely 
near ceuter of disk. Each pedicellaria is so large that it extends quite across its plate, occupying the 
greater part. An interrupted series of granules surrounds it. The jaws are faintly toothed or serrated 
on opposing faces. Those pedicellariae half way between center of disk and margin are largest 
(attaining 2 mm. in length); the smallest are adjacent to superomarginals. Conspicuous papulae 
emerge singly from sutures between platen, and are generally distributed except at the very tip of ray. 
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Marginal plates are conspicuous, with a gently convex surface. Upper and lower series are n«; 
precisely opposite on arms; sometimes alternate. Superomarginals, 22 in number from median inter- 
radial line to extremity of ray, do not encroach much upon abactinal area, but form a rounded bevt:. 
They are nearly quadrate in the interbrachial arc, but are longer than high on proximal two-third*-! 
ray, gradually becoming higher than broad toward the tip. The edge of the plate toward the abactinaj 
area is curved. On one interradius there is a small, odd interradial plate, wedged between first saner.- 
marginals at their upper ends, apparently quite abnormal. General surface of plates is covered with 
rather large, flat, round, hexagonal, or irregular granules which increase in size from center towani 
periphery. Although low, their general surface is very slightly convex, and is smooth. In inter 
brachial arc the granules of the peripheral series are conspicuously smaller than the others, but on tb* 
ray they may be large, owing to the fusion of granules of the first and second series, which thus form 
long granules, extending from the periphery toward the center. Often long and short granules alter- 
nate. Terminal plate is prominent, subspherical, prolonged on the inner and abactinal side, covers! 
with scattered granules. 

Inferomarginal plates are equal in number to superomarginals, and encroach rather more upon 
actinal area than do the superomarginals upon abactinal. The 4 median plates of interbrachial an 
are the largest, with a curved margin toward actinal area. Covering of plates very similar to that <>f 
superomarginals. In one interradius there is a pedicellaria at outer and upper corner of the ground 
inferomarginal. No others are present on either series of marginals. 

Adambulacral plates are massive, nearly quadrate, with a variable and irregular armature. Furrow 
margin is nearly straight, but abruptly curved at either end of the plate. Armature as follows: < 1 A 
variable number of furrow spines — usually 2 or 3 — short, stubby, very robust, and flattened (in hori- 
zontal plane) with truncate or irregular tips. Middle spine is sometimes much shorter than the '1 
laterals, even becoming reduced to an enlarged granule. Less commonly there are 4 spines, subequa. 
or one much smaller. (2) First adambulacral plate has a giant pedicellaria (similar to those of abarti- 
nal surface) on the actinal surface but flush with the .furrow margin, extending the whole length of 
plate and entirely superceding the furrow spines. Four out of the 10 second adambulacrals pos**s it 
also, but in this case a few additional furrow granules or irregular tubercles also are present Th<* 
pedicellariae are also present on numerous other adambulacrals, but are not so large, and in all ca*> 
where present the furrow armature is in consequence reduced in size, usually to flattened upright 
granules or irregular spinules. Pedicellarue occasionally are set obliquely on plate. Rest of actinal 
surface is covered with about 8 to 12 large irregular quadrate and polygonal granules of different size?, 
and arranged without constant order. When a suggestion of 2 irregular longitudinal series can t« 
seen, the inner has much larger granules. An enlarged granule with a swollen end is usually present 
just aborad to the end of the pedicellaria. 

Mouth plates slightly convex actinally, the united pair rather narrow, with an extensive, angular, 
but rounded furrow margin. Armature stout, composed as follows: (1) Furrow spines 5, the inner 
massive, blunt, subprismatic, with flattened side to actinostome. The next two are shorter ami 
weaker, flattened or prismatic, with a rounded tip. The 2 outermost are shorter still and thicker. 
not constant as to shape, usually irregular. (2) Actinal surface is covered with granules. A series 
extends along margin of median suture. These are largest, are flat, subquadrate, or pentagonal, 
irregular, and diminish in size abruptly at inner end of plate, the series terminating a short dfrtaniv 
from the teeth. Another series follows margin adjacent to first adambulacral, and is continued inward 
parallel with furrow series, the latter portion containing a few compressed, upright, round-tipH 
granules, irregularly disposed. Several small granules are present between the inner ends of com- 
panion superficial series. 

Actinal interradial areas well developed, paved with large actinal intermediate plates arranged in 
series parallel to ambulacral furrow. Those adjacent to adambulacrals are largest and most regular, 
being subquadrate save for the outer margin, which is usually angular or rounded. They extend ti- 
the fifteenth inferomarginal, or three-fourths length of ray, while other intermediate plates do n«i 
extend beyond basal fourth of ray, being smaller and irregularly polygonal in shape. The outer por- 
tion of the series adjacent to adambulacrals is interrupted by the inferomarginals touching the latnr. 
thus separating the intermediate plates. On the ray these pedicellaria? are not present on every plate. 
Each is surrounded by heavy, quadrate, oblong, or roundish granules in a single series, with indicatiufe 
occasionally of an incomplete intermediate series of small granules between successive plates. ThrJ* 
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are 12 to 15 pedicellarise, about half the size of those already described, scattered over the remainder 
of the interradial areas, the plates of which are covered with closely placed, flat, irregular granules 
similar to those of abactinal plates. Granules surrounding pedicellarise are raised slightly above the 
level of the others. 

Madreporic body of medium size, subcircular, slightly convex, situated one-third distance from 
center of disk to extreme margin. Perforated with coarse, irregular holes; no strife. 

Color in life: Dull yellow on dorsal surface, brightest on marginal plates; central part of dorsal 
area with a brownish cast. Actinal surface a pale Naples yellow with a brownish suggestion. 

Locality: Station 4041, west coast of Hawaii Island, 382-253 fathoms, gray mud, foraminifera; 
bottom temperature 41.6°. One specimen, type no. 21168, IT. S. National Museum. 

The peculiar large bivalved pedicellarise of this species remind one very strongly of Hippazteria, 
but the absence of spines and the structure of the skeleton are more like Tosia. The very unusual 
flat ossicle-like granules are unlike those of any goniasterid with which I am acquainted. GilbertasUr 
appears to be allied to some of the Hippasterinse,- particularly to CryptopeUaster from off the California 
coast The latter genus is undoubtedly a member of the Hippasterinae. I am inclined to regard the 
present form as intermediate between the Goniasterinse and Hippasterinae, and have consequently placed 
it provisionally at the end of the former subfamily. It might be considered with almost equal 
propriety an aberrent member of the Hippasterina?. 

This genus is named for Dr. Charles Henry Gilbert. 

Subfamily HIPPASTEBIRE Verrill; 1899. 

Hippaaterinas Verrill, Revision of Certain Genera and Species of Starfishes, with Descriptions of New Forms. <Trans. 
Conn. Acad., vol. x ( 1899, p. 174. 

Genus EV0FL080JCA, new. 
Type Eroplo9oma/oreipifera t new species. 

General form that of Hippcuteria, which it resembles also in the ossicles and spines; but the whole 
test (both ossicles and spines) is overlaid by soft fleshy membrane, which in life completely hides the 
outlines of plates. Abactinal and actinal pedicellarise erect, with rounded spatulate denticulate blades. 

Abactinal surface paved with small roundish plates, interspersed with still smaller roundish second- 
ary plates, bearing smooth or rugose granules sheathed in pulpy membrane and erect rigid spines and 
spi miles, the former partially encased in membrane, the latter wholly. Spines and granules on mar- 
ginal and actinal plates of the same character as the abactinal. Furrow spines remarkably thin and 
compressed, especially adorally, 3 or 4 to the plate, and wi h expanded chisel-like tips. Actinal 
adambulacral spines very robust, curiously expanded at the tip, and often gouge-shaped; usually 
single with an accompanying large spatulate " sugar-tongs " pedicellaria. 

While this genus is undoubtedly closely related to some species of Hippcuteria, the persistent, and 
in life soft pulpy membrane which covers the whole test will serve at once to distinguish it. This 
membrane invests each granule individually, hiding the calcareous part and causing the granulation 
to have a crowded, soft, warty appearance. From this surface the conical spines and pedicellarue 
raise themselves in a short bristling armature. The whole animal, as in Hippcuteria, is very rigid. 
When the test is dried the membrane shrinks greatly, and the roughened granules are easily seen, 
then appearing separated. But in life this is not the case because the membrane investment fills up 
all the intervening space, causing the granules to appear very much larger. The high pedicellarise 
are unlike those of typical Wppasteria, although easily derived from them by slight modification. 

Prof. A. E. Verrill agrees with me that this species constitutes a new genus. 

Evoplosoma forcipifera, new species. 
PI. xxvi, figs. 5, 5a-c; pi. xxvn, figs. 4, 4a-b; pi. xxix, fig. 3. 

Rays 5. R=56 mm. ; r=24 mm. ; R=2.3 r. Breadth of ray at base, between third and fourth 
superomarginals, 11 mm. 

Disk large, pentagonal, inflated, narrowing abruply into slender, tapering rays, which end in a 
blunt point. Body bristling all over with short, stout, conical spines. Disk very distinct from rays, 
which appear as if attached to its corners. Integument stout; whole animal rigid. Marginal plates 
not distinct. Interbrachial arc very wide, straight, not curved in median portion. 

Abactinal area conspicuously inflated about border, and paved with rather small round plates, 
among which are smaller secondary roundish plates. They are immersed in a tough membrane, and 
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the whole of the abaetinal and actinal surfaces and marginal plates are covered with variously ^ 
spiniform granules, each invested with a soft, thick, and pulpy membrane which completely hide* :> 
granules, giving the appearance of a crowded, soft, warty, irregular, granulation. These fl»hj 
granules are round- or flat-topped, and so crowded that they press each other out of shape. TLk 
completely hide the outline of the abaetinal plates. Scattered over abaetinal surface are many eW. 
stout, sharp, erect, conical spines, giving the whole surface a bristling appearance. The largo* a.* 
2 mm. long, and they decrease in size toward the margin. Scattered among them are many im- 
mediate, sharp, conical tubercles of several sizes, evidently specializations of the immersed jrrannU 
The pulpy membrane rises upon the base of the spines, but is not evident toward the tip. Spines 
arranged in 2 or 3 irregular rows on ray, and decrease very irregularly in size toward its extremity 
Over all the disk except a very limited and narrow interradial region long, conspicuous papula en*m 
from the reticulated covering. They are scattered around the plates; absent from rays. On intend 
areas of disk are a few large 2-jawed upright pedicellarue. These are sunken in special pits, hau 
broad, even, rounded, often notched, spatulate jaws, which, however, possess no especial depress 
into which they fit when opened. 

Marginal plates are large, but not conspicuous. The 2 series correspond in number and a* 
opposite. Superomarginals, 15 in number from median interradial line to extremity of ray, a* 
confined to side wall of body in interbrachial arc, but encroach more and more upon abaetinal sn* 
as they proceed along the ray. On outer part of ray their breadth very nearly equals height I:. 
interbrachial arc the length is a trifle greater than height (or width). - Transverse sutures and tiff 
separating the 2 series are easily seen. The line of demarkation between the marginal and atactic 
plates is not clearly evident. On disk the superomarginals bear 3 stout, rigid, sharp, conical spin©. 
stouter than those of the dorsal integument, disposed in a transverse series on a median tumid portion a 
the plate. At base of ray these become reduced to 2, and on outer portion of ray to but one, which stati- 
on a sort of boss where the lateral and dorsal superficies of the plate meet First scperomargm 
usually has slightly shorter spines, and 3 or 4 of them are grouped in the center -of plate, with a 
number of subsidiary conical granules surrounding them. A marginal series of rather regular, 4-sid^ 
to subcircular flattish, fleshy granules borders each plate — save the upper edge. Within this is aeeooo 
series of larger spherical to subcorneal granules, less regular, surrounding the base of the nunidir. 
which bears the spines. On outer portion of ray the transverse portions of second series of granule 
are absent First and second plate usually have a pedicellaria similar to those of abaetinal surface ot?r 
the middle of the lower side just above the peripheral row of granules. 

On disk the inferomarginals are slightly larger than corresponding superomarginals, are quadrate, 
about as broad as high, and form an evenly curved margin to actinal area, upon which they encroa«t 
They are tumid like the superomarginals, the tumidity becoming more pronounced on ray, on th* 
proximal plates of which are 2 (usually 3 on innermost plate of ray proper) rigid spines, similar to 
those of superomarginals, and similarly placed. On outer third or half of the ray these are reduced t 
a single spine. On first 3 inferomarginals there are 7 shorter spines, with several enlarged granule 
scattered in an irregular quadrate group. Fleshy granules, like those of superomarginals, co^er th* 
remaining surface of the plates. The inner or lower edge of the plates is not evident superficially 
the granules being continuous with those of actinal interradial areas. In one interradius therein 
small pedicellaria, like those described for superomarginals, situated near the upper border of each 
of the 2 median inferomarginals. 

Ambulacral furrow rather narrow. Outlines of adambulacral plates not evident superficially ^ 
account of the fleshy granules. Plates are slightly longer than wide, with a convex margin to furro* 
Furrow spines are 6 on first plate, 5 on second, and 4 or 3 on the rest. They are long, stout, strong 
compressed, with broad subtruncate or rounded tips. They resemble broad chisel or narrow hatchet 
blades in shape, and become thinner toward the tip. Where there are 4 spines the aboral is shortwt 
and varies much in shape, resembling usually a wedge. The other 3 are subequal, or the median 
slightly the longest. Often a spine appears as if partially twisted on its long axis, or the broad spatultf 
blade may be a trifle concave on one face like a scoop. The 2 lateral members are usually broader at 
the tip than the median. In the middle of the actinal surface of plate stands a solitary, remarkably 
heavy, rigid, upright spine, shorter than furrow spines. Its liase is cylindrical, but the end flares 
more or less, and the outer aboral face is concave like a gouge; the tip is rounded, subacute, or blunt- 
Frequently the tip appears somewhat 3-sided, one side concave, and the others flat or slightly rounded 
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There is great variation in the details of this spine in the single specimen. On adorai side of plate, 
close to furrow margin, is a very large, upright 2- jawed pedicellaria, the valves being broad and shaped 
something like a pecten shell, only more irregular. Frequently the edge is notched, and one edge 
slightly concave, the other correspondingly convex. On the ray the pedicellarite decrease in size, and 
are very broadly spatulate with a more contracted base than have those of disks. Outer side of plate is 
beset with 5 to 6 flesh-covered, irregular roundish or 4-sided granules, 1 or 2 of which, on the 4 to 5 
proximal plates, are larger than the others. 

Mouth plates large, but not prominent actinally. Plates are broad, the combined pair with an 
extensive and angular rounded furrow margin. Armature as follows: (1) A furrow series of 8 much 
flattened, abruptly round-tipped, spatulate spines, which become thinner toward the tip like a wedge. 
Their bases are united by a delicate web. They are more regular than the adambulacral furrow spines 
and a trifle smaller, except the inner 2, which are large, very broad, and hatchet-like. The innermost 
tooth is largest of all. (2) Back of furrow spines the actinal surface is bare for a short distance, 
the remainder of surface being covered with the characteristic granules, which are not crowded, and 
which increase in size toward outer end of plate. In center of actinal surface is a single upright 
pedicellaria, similar to, but smaller and slenderer than those of ad am bu lac rale. First adambulacral is 
larger than the rest, with 6 furrow spines, and its actinal spine reduced in size. Actinostome small, 
entirely roofed over by the large spines. 

Actinal interradial areas are large, forming a nearly equilateral triangle, bounded by the first 2 
inferomarginals; a single series of intermediate plates extends, however, as far as the fifth inferomarginal. 
The plates are roundish and entirely obscured by the numerous compactly placed, round or irregularly 
polygonal skin-covered granules which shrink up when dried and allow the plates to be seen (pi. xxix, 
fig. 3). From 30 to 45 stout, erect, rigid spines, smaller than those of the adambulacrals, and a trifle 
heavier than those of the inferomarginals, are disposed in irregular chevrons over interradial area with 
the exception of a small space immediately outside of mouth plates. These spines are short, conical, 
with grooved, 3- or 4-sided tips, much resembling some sort of a drill. When the specimen is dried 
they are seen to correspond, about 1 to a plate. The calcareous portion of the granules is rugose or 
roughened. A pedicellaria, similar to those already described, is situated near outer end of mouth 
plates, and another about the middle of interradial area. 

Madreporic body small, convex, with coarse, convoluted striations; situated a trifle nearer center 
than midway between latter and margin of disk. 
Tube feet large, with large sucking disks. 
Color in life, pinkish orange. 

Locality: Station 4186, east of Kauai Island, 682-508 fathoms; gray sand, foraminifera; bottom 
temperature 38.1°. One specimen, type no. 21169, U. S. National Museum. 

This species is readily distinguished by the curious fleshy investment of all the granules of the 
body, as well as of the base of the spines. The photographic figure of this species is from the dried 
specimen, in which the membrane has greatly shrunken. 

Subfamily LEPT0G0NA8TEBINJE Perrier, 1894. 

Leptogonaate rinse Perrier-, Exp. Scientif. du Travailleur et du Talisman, etc., Echinodermes, 1894, p. 252. 

Genu AKTHBHIABTEB Verrill. 
Anthmiaster Verrill, Trans. Conn. Acad., vol. x, Aug., 1889, p. 173. Type, Anthenoide* sarissa Alcock. 

Antheniaster epixanthus, new species. 
PI. xx, fig. 3; pi. xxvi, figs. 1, lac; pi. xxix, figs. 1, 2; pi. xlix, fig. 1. 

Rays 5. R=90mm.; r=47 mm. R=1.92 r. Breadth of ray, between first and second supero- 
marginals, 47 mm. ; between fifth and sixth,. 25 mm. 

General form is fiat and depressed. Disk large, pentagonal, slightly inflated in most specimens. 
Rays short, broad, tapering, flat, acute, but not narrow-pointed. In smaller specimens the rays are 
much longer. Interbrachial arcs very wide, rounded or occasionally a trifle angular. Lateral wall, 
or margin, rounded-vertical in large specimens; rather angular in the interbrachial arcs of smaller 
specimens, but becoming vertical on outer part of ray, which is then quadrate in section. The whole 
animal is covered with a moderately thick, tough but soft membrane or skin, which obscures the out- 
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lines of most of the plates in the living and alcoholic specimens. When dried, the membrane shrink- 
very much, and on the dorsal surface reveals a sparse and very minute granulation. Granule* of 
marginal and actinal plates are coarse and conspicuous in the dried state, but are not very conspicuoc* 
in the living or alcoholic specimens on account of the pulpy consistency of the skin. 

Abactinal surface is subplane to slightly convex, covered with a wrinkled, rather thick membrane 
which reveals the plates beneath when dried. In each median interradial line there is a sharp crea?* 
extending inward toward center of disk, while similar lines extend toward center of radial area frr«ai 
each suture between superomarginals. Everywhere the skin is traversed by fine creases. Radial area* 
are conspicuous by the black papulae which have passage at corners of hexagonal plates, and thus 
indistinctly mark out their form. Papulae wanting on median interradial region. Plates are further 
revealed in fresh specimen by creases which radiate from papular pores. The fine granulation is not 
apparent in the undried state. Pedicellarise wanting on dorsal surface. If the skin is strip|>e<l <»n 
(which is done with difficulty), the arrangement of plates is then easily, seen; or the specimen may It- 
dried. Plates are polygonal and rather irregular. A fairly regular series extends along median radial 
line, the remainder being arranged parallel to this. Median series does not reach tip of ray, the outer 
6 or 7 superomarginals of either side being in contact medially. The other series do not extend so iar 
as the median, but end one after another in conformity with the taper of the ray. External to median 
radial series on each side is an irregular series of much smaller plates which extend but a very ^hort 
distance beyond the base of the ray, where they die out gradually. The plates of next series external 
to this are large as the median radial, and are adjacent to them after the disappearance of the pmalitr 
intermediate series. The third longitudinal series consists of even smaller and more irregular plate? 
than the first or intermediate series. (This series is not apparent in largest specimens, and when 
present it does not extend so far d is tad as the other intermediate plates. ) Fourth series as large a* 
second. Opposite the fourth superomarginal one can count 6 or 7 longitudinal rows at either side <<c 
the median radial series. Occasionally the smaller intermediate plates form a partial series around 
the larger plates, but in this case they are smaller than the longitudinal series of intermediates. N < 
definite arrangement over center of disk, which is paved with rounded or subpolygonal, large and 
small plates mixed together. Interradial plates are regular in type — hexagonal to quadrate — but may 
be irregular in smaller specimens. If abactinal area is treated with caustic potash and viewed from 
the internal (or coelomic) side, some of the smaller intermediate plates (not those of the longitudinal 
intermediate series, but still smaller plates) are seen to form short, connecting, radiating ossicle 
between larger plates of the median radial area at base of ray nearly to center of disk. Their 
arrangement is irregular, however, and some of the smaller plates of the disk are rudely su betel late 
This point is, however, not at all evident when the plate is viewed from the dorsal side. The 
so-called connecting ossicles appear merely as irregular small plates between the larger polygonal 
ones. In large specimens these smallest intermediate plates are scarce; and they are by no means 
constant in number or position in the medium-sized and small specimens. But the presence of an 
intermediate incomplete series of secondary plates at either side of the median radial series is constant 

Marginal plates are well developed. Superomarginals, 20 in number from median interradial 
line to extremity of ray, are wider than long, and form an arched border to body. In a few smaller 
specimens the inferomarginals extend laterally slightly beyond superior series on disk. In this can* 
the superomarginals form more of an arched bevel. They are covered with tough membrane, in 
which are embedded 8 to 20 subspherical granules spaced over the central portion of plate. The* 
are absent from outer half of ray. The first superomarginal is slightly shorter than succeeding 4 or 5. 

Inferomarginals correspond in number to superomarginals, but are not always exactly opposite 
to them at base of rays. They are much broader than high, and encroach conspicuously upon actinal 
area, being covered with numerous scattered granules imbedded in membrane. These increase in 
size toward outer edge of plate, and are largest on the lateral face of ray, where they are as large or 
slightly larger than the granules of superomarginals and decidedly more numerous and close-set. 
Terminal plate prominent, pentagonal, armed with 3 terminal, thimble-shaped granules. 

Adambulacral plates longer than wide, with a faintly convex furrow margin. Armature consist 
of 7 (occasionally varying to 6 or 8) short, blunt, slightly compressed spinelets, which form a radiat- 
ing palmate series and are covered with membrane, which as a sort of web, unites them for a short 
distance above the base. Usually the end spinelets are much shorter than the median, the whold 
forming a rather regular graduated series. Actinal surface of plate, like remainder of body, is covered 
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with membrane, so that outlines of plates are wholly obscured except when in a dry state. (Com- 
pare figs, la and lb, pi. xxvi.) A definite crease or line in the membrane runs from the furrow 
obliquely outward toward the margin of body. These wrinkles separate each adambulacral plate, 
and every second or third line is confluent with the suture between 2 inferomarginals, while the 
intermediate lines end between the furrow and margin. Actinal surface of adambulacrals bears 6 to 8 
subspherical granules of unequal size, disposed in an irregular longitudinal series along the middle of 
plate. They are covered by thick membrane and are not very conspicuous until animal is dry. 
(PL xxvi, fig. lb.) On outer half or third of ray these are replaced by a single, stout, short, taper- 
ing spine, exceeding in length the furrow spinelets, which are here quite short. A few plates bear, 
near the adoral margin, between the furrow series and granules, a single rather long 2-jawed pedicel- 
laria, about as long as the nearest furrow spinelet. Each jaw is narrow spatulate and curves slightly, 
like a pair of tongs, to meet its companion. 

Mouth plates are large and prominent actinally, with a very extensive furrow margin. Furrow 
spinelets 11, stout, the outer ones similar to the adambulacral furrow spinelets, but the 2 or 3 inner 
larger and heavier. Actinal surface is armed with prominent granules, subspherical to thimble- 
shaped, arranged in an irregular series parallel to median suture, and another continuing the linear 
series of adambulacrals. Numerous much smaller granules are scattered here and there. 

Actinal interradial areas are covered with membrane, which is lined with fine creases or wrinkles, 
as already noted. The plates are irregularly polygonal or roundish, and are arranged in chevrons, 
decreasing in size toward the margin. They bear a central group of subspherical or low thimble- 
shaped granules, the rest of exposed surface being beset with smaller, widely spaced granules. The 
series adjacent to adambulacrals usually bears 3 to 10 larger granules, the next series 3 to 6, and the 
other plates 1 or 2 such. 

Madreporic body is large, hexagonal to subcircular, situated about one-third distance from center 
to extreme margin. Its exposed surface is flat and sunken a trifle below the level of the surrounding 
membrane except in the dried state. Striations fine, radiating. 

Anal opening subcentral, surrounded by 5 plates larger than their neighbors. The aperture is 
guarded by about 8 tooth-like granules. Tube feet with large sucking disks. 

Color in life: Dorsal surface deep cadmium yellow to cadmium orange; lower surface cream color 
to cadmium. In alcohol, dull light brownish to deep brown. 

Variations: There appears to be a> dimorphism in this species. Some specimens (in the majority) 
have longer, slenderer rays than others. Superficially they would be taken for a different species, 
but I am unable to find any other correlative character by which to separate them. The type 
specimen is neither the one extreme nor the other, but is rather short-rayed, however. The following 
table of measurements (in millimeters) will give an idea of the difference: 



Measurements of specimens of Antheniaster epixanthus. 













Width 












of ray 


Station. 


Major 
radius. 


Minor 
radius. 


Ratio. 


Supero- 
margl- 
nals. 


between 
second 
and third 
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nal. 




mm. 


mm. 




no. 
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3*13 


93 
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1.9- 
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4080 (type) 


90 


47 


1.92+ 


20 


40 • 


HI 5 


69 


40 


1.74 


15 


34 


4080 


96 


42 


2.3 


19 


35 


4080 


77 


32 


2.4 


20 


28 


4081 


90 


35 


2.57 


22 


29 


4081 


65 


24 


2.7 


18 


» 



The presence of pedicellaria? on adambulacral plates is also subject to great variation. In the type 
there are only a few scattered along the base of ray, and on the largest specimen none are to be found. 
On the other hand, a medium-sized specimen of the long-rayed phase has 4 to 12 on each adambulacral 
series of disk. At first this might appear of specific value, but pedicellarise are either very few or 
absent from all the other long-rayed specimens, except one which is intermediate between the 
extremes. 
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Localities: Type (no. 21170, U. S. National Museum) from station 4080, north coast of Mao: 
Island, 178-202 fathoms, gray sand and foraminifera; bottom temperature 56.4°. Taken also at the 
following localities, a total of 13 specimens: 

Record of localities. 



Station. 



8813. 



Locality. 



Depth. 



i Fathom*. 

South coast of Oahu Island 264-183 

4081 North coast of Maui Island * 202-220 



4082. 
4084. 
4115. 



.do ; 220-288 

do 2JV3-267 

Northwest coast of Oahu Island 195-241 



Nature of bottom. 



Coral sand, lava specks, shell*. 
Gray sand, foraminifera. 

Fine gray sand. 

Coral sand, foraminifera. 



Anlhenoides, Leptogonaster, and Aniheniaster are very closely related. The arrangement of the 
dorsal plates appears to be essentially the same in the three genera, which are likewise characterized \j 
a granulous membrane. The type of adambulacral armature of Ijeptogonaster is essentially that of tht- 
distal portion of the ray of Aniheniaster epixanlhus, and the pedicellariae are strikingly similar, thfs* 
being reduced to the elongate variety in Antheniaster. The dorsal membrane of the latter is not f» 
granulous as in Leptogonaster, but is thicker, at least in the Hawaiian species. The mouth plate? 
are prominent, but more heavily covered with membrane than in Leptogonastsr, and likewise bear 
more granules. These three genera do not appear to belong under the Goniodiscidinae, which art* 
probably more nearly related (so far as Goniodiscides is concerned) to the Pentacerotidse than to the 
typical goniasterids. 1 have accordingly placed Aniheniaster in Perrier's Leptogonasterinae. Thi* 
subfamily, is of course, closely related to the Goniasterinae, and not, as its author believed, to the 
Mimasterinse or Odontasteridie. I am indebted to Prof. A. E. Verrill for the generic determination 
of this species. 

Subfomily GOIHODISOIDINJE, new name, 

Goniodiscinse Sladen, Challenger Asteroidea, 1889, p. 821. (Leplogonaster is excluded.) 

Genu G0NI0DI8CIDE8, new name. 

Goniodiscus Muller and Troschel, System dcr Asteriden, 1842, p. 57. Emended by Perrier, Revision des Sttllerides. l?^>, 
p. 229. Type, sens, now, Goniodiscides sebx. 

This genus is equivalent to that long known as Goniodiscus. Under existing rules of nomenclature 
Goniodiscus is untenable because it was proposed by Muller and Troschel to include previously 
described genera of Gray (Anthenea, Neclria, Tosia), as well as species unknown to Gray. If thL> 
group had really constituted a genus the oldest name, Anthenea, should have been used. Likewise th-' 
type (first species) of Goniodiscus is the same specie 1 , under a different name, as the type of Gray* 
Anthenea. Muller and Troschel included the following species under their Goniodiscus: Pcntagonuhi 
[Anthenea'], sebx, placenta [Tosia], regularis [unknown], pleyadella, ocelliferus [Nectria'], cuspidatu*, 
mammillatus [Tbwa], capella [since made the type of Ogmaster v. Martens]. This left seise, regulari* C . 
pleyadella, and cuspidatus. Goniodiscus has subsequently been used for these species, but since the 
name was originally applied to a composite group and was a synonym as soon as made, it should I* 
discarded for all time. As there appears to be no subsequent name « available, 1 propose Goniodiscide*, 
with Goniodiscides sebx as type. 

Goniodiscides aebaa (Muller and Troschel). 
PI. xix, fig. 3. 
Goniodiscus sebx Muller and Troschel, System der Asteriden, 1842, p. 58. 

An example of this curious species, the first from the Hawaiian Islands, was taken by Mr. H. AV. 
Henshaw at Hilo, on the windward side of the island of Hawaii. (Accession no. 42800, U. S. Nat 
Mus. ) No specimens were secured by the expedition of 1902. 



aMetapatfter Sladen (Monog. on Brit. Fossil Echinod. from Cretaceous, n, Asteroidea, pt. II. <Pal. Soc. Monog. 1*?% 
p. 13) is near this genus, but is hardly identical, as has been claimed. ( Valette, Note sur quelques Stellerides de la Onu? 
Senonienne du Dep. de 1' Yonne. <Bull. Soc. r Yonne, lvi, 1902, p. 7.) 
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Concerning the capture of this specimen, Mr. Henshaw has sent me the following notes: "They 
are by no means rare in a small inlet some three miles south of Cocoanut Island. If I remember 
rightly, all I found were under stones in shallow water, two or three feet deep. In other words, so far 
as I observed it, it was a littoral, shallow water species." This is the only species of starfish, so far 
as I am aware, that may be collected along shore in the islands, unless Ophidiaster lorioli be excepted. 

This specimen agrees very well with the original description of Muller and Troschel, and with the 
notes given by de Loriol (M£m. de Societe Phys. et d'Hist. Nat. Geneve, xxiv, 1885, p. 48). De Loriol 
ab»o gives a good figure (op. cit, pi. xv, fig. 6) with which our example shows a few unimportant 
points of difference. 

Form pentagonal, the sides of disk only very slightly curved inward. R = 29 mm.; r = 23.5 mm. 
R = 1.23 r. As noted by de Loriol there are 14 superomarginals to a side, or 7 to the "ray", instead of 
6, as stated by Muller and Troschel. The ultimate plate of each series is very small, and is wedged 
between the penultimate and ocular plates. There are 9 inferomarginals to the ray, the last plate 
being very small indeed. 

The superomarginals are somewhat tumid, and are broader than high. Besides the even, fine 
granulation, each bears from 2 to 10 conspicuous, low, hemispherical, or subconical,_ tubercular gran- 
ules, unevenly disposed. Inferomarginals are similarly armed. There are no pedicellarioe on any of the 
marginal plates. Between the 2 series of marginal plates, on the lateral wall of the body, is a row of 
5 to 7 pits, each of which occurs at the junction of a doreo-ventral with the horizonal suture. 

Abactinal surface is covered with a much finer granulation than the actinal, and each plate is sur- 
rounded by 6 to 8 papular areas which appear in many cases practically confluent. These areas contain 
8 to 20 pores, and a cuneiform area containing about 15 to 18 pores occurs between the dorsal ends of 
the superomarginal plates (excepting between 5 and and 6 and 7). Each abactinal plate bears near 
the center 1 to 3 of the tubercular granules, a few of which occur also, here and there, over the papu- 
lar areas. A number of plates toward center of disk bear small bivalved pedicellari/e similar to those 
of PentacerOs and flush with the general level of the granulation. These are not very numerous and 
are irregularly scattered, never more than 2 to a plate. The madreporic body is raised above the 
general surface and is situated about one-third the distance from the center to margin. About its bor- 
der are several tubercular granules. The plates toward the end of ray and adjacent to superomar- 
ginals appear to be a trifle convex, the tumidity being surmounted by the granule, or granules. 

The actinal intermediate plates are arranged in chevrons and decrease in size toward the margin. 
They are polygonal, and covered with a coarser granulation than the dorsal plates — a granulation 
which increases somewhat in coarseness toward the center of each slightly convex plate, which is sur- 
mounted by 1 to 5 enlarged granules, usually of unequal size. Scattered here and there are bivalved 
pedicellarae, 0.25 to 0.75 mm. in length. 

The furrow spinelets are 4 to 5 in number, robust, short, truncate, slightly flattened, the adoral 
spinelet shorter than the others. On the actinal surface of the plate stands a longitudinal series of 2 
or 3 shorter, thicker, granuliferous spinelets, with often 1 or 2 smaller granules standing in line at 
either end of the series. Occasionally a very small bivalved pedicellaria stands at the adoral end of the 
series out of line. Behind the actinal series the fine granulation of the general surface begins, decreas- 
ing in size toward outer end of plate. The furrow spinelets appear a trifle shorter and heavier than 
those figured by de Loriol. A few of the proximal adambulacral plates have 6 furrow spinelets. 

This species has a wide range, being found in following localities: Red Sea, Moluccas, New Guinea 
[Muller and Troschel], Mauritius, Macassar (Celebes), Fiji Islands fde Loriol], Ceylon, Madagascar, 
"Eastern Archipelago" [Sladen]. Its capture in the Hawaiian Islands considerably extends its 
known range. 

Family PENTACEROTID^ (Gray) Perrier, emend. 1884. 

Pentacerotidae Gray, Synopsis of the Genera and Species of the Class Hypostoma. <Ann. N. H., Her. 1, vol. vi, 1840, p. 275. 
Perrier, Mem. sur k»s fitoiles de Mer Recueillies dans la Mer den Antilles et le Golfe du Mexique, 1884, pp. 165, 168. 

Key to Hawaiian genera of Pentacerotidx. 

a. Marginal plates fairly distinct, defining the contour of body. 

6. Disk high; rays carinated. Large immovable spines or tul>ercles on the dorsal surface. Mar- 
ginal plates not conspicuous Pentaceros 

F.C.B.1903,Pt.a— 20 
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66. Disk not so high; form nearly pentagonal; marginal plates conspicuous. Erect conical tubercle 

on both surfaces Nidorelli 

aa. Marginal plates hidden or inconspicuous; not visibly defining the contour of body. The ahactin. 
plates are not superficially distinguishable in the adult. Form thick. 
6. A pair of large marginal plates at the end of the ray. Form substellate to stellate. Test covert-; 
with globose or acorn-shaped tubercles. Papula* evenly distributed, not in definite area*. 

ASTERODIN'. 

bb. Form pentagonal, biscuit-like; no large plates at end of ray. Papulae distributed in to. 
definite areas Ciun 



Genus FEHTACSS08 Sehulse. 

Pentaceros Schulze, Betrachtung der versteinerten Seesterne u. ihrer Theile, Warehau u. Dresden, 1760, p. 50. Gray. Am 

N. H., ser. 1, vol. vi. 1840, p. 276. 
Goniattcr (pare) Agassiz, M£ra. Soc. 8ci. Nat. Neurhatel, t. I, 1835, p. 191. 
Oreaster Mflller and Troschel, System der Asteriden, 1H42, p. 44. Bell, Proc. Zool. 8oc London, 18H4. p. .S7. 

The specimens of Pentaceros from the Hawaiian Islands have given considerable trouble, as tui^Ii- 
naturally he expected. Relying chiefly upon Prof. F. Jeffrey Bell's useful and valuable revision : 
the genus, " The Species of Oreaster" (Proc. Zool. Soc. Lond., 1884, p. 57), I have separated the in. 
as a distinct species, whose affinities appear to be with the Pentaceros oriental^ section. Among \l« 
species of this group it most resembles oritntalis and tro»cheli. On the other hand, there are certain 
points of similarity with P. occidental. One of the difficulties lies in the fact that some Bpeeimfi- 
have the adambiilacral armature disposed in 3 longitudinal series (triplacanthid), while others h*\r 
but 2 series (diplacanthid). Just this state of affairs exists in P. occidentals (from Mazatlan, Mexi<M 
Bell places occidentali* in the diplacanthid section, but implies that occasionally a third furrow t*ricr 
is present. But hawaiiensis differs from occidentidis in a most important respect — that is, in ite grow::. 
Btages. In occidentalism as pointed out by Bell and as exemplified by specimens at hand, the voir? 
are more spiny than the adult, while in hawaiiensis exactly the reverse is the case. In this specie*. :: 
any spines are present in the young they are inconspicuous, and are confined to the median-radial iim 
Hawaiiensis, then, is probably not derived from the American form, but from the Asiatic group. !: 
the following diagnosis a description of the type is given, but under each category of character* th- 
more important variations are indicated. 

Pentaceros hawaiiensis, new species. 
PI. xxxii, figs. 1, 2, 3; pi. xxxiii, fig. l: pi. xxxiv, fig. 3. 

Bays 5. R = 125 mm.; r = 50 mm. R=2.5 r. Dimensions measured on ventral side. In- 
larger specimens the rays are relatively shorter, R equaling 160 mm. and r about 78. In still another 
specimen, the largest of all, R = 188 mm., and R = 2.35 r.) 

Disk large, elevated, and regularly convex; about 55-58 mm. high, measured from actinalpkn* 
This dimension varies considerably according to the inflation of disk, several specimens being n;&i 
depressed. Rays well produced, rather broad at base. Actinal area plane on rays, sloping upwar 
toward actinostome on disk. 

The whole abactinal surface is marked off by trabecular into large triangular, or on the ray ofK 
rectangular papular areas. On disk they are fairly regular, but on ray are irregular. At each am* 
is a large conical tubercle, there being a definite medio-radial series extending to tip of ray, ami «c 
either side 2 parallel longitudinal series, the firat extending about half the length of rayn, arni t > 
second not so far as the first. In interradial angle formed by the outer series of adjacent rays are 3 ii 
6 tubercles. The pentagon marked off by the conspicuously enlarged primary radial tubercles iapwl 
area) is also divided into triangles, often very regularly into 10, but again irregularly. There is a 
variable number of smaller tubercles in this area (7 in type). All tubercles decrease in size towanl ri: 
of ray and margin of disk. Granulation consists of variously sized polygonal granules crowds! 
together, often increasing in size as they ascend the tubercles, the spinous tip of the latter being alway 
free from granules and the line of demarcation well defined. Granulation is finer than inei:l.<- 
P. reticulatus or P. occidentalism the only species with which I have been able to make direct cumpa^ 
sons. Numerous small slit-like pedicellariie, flush with the general surface, are thickly scattered o«t 
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the whole abactinal surface, being present frequently on the bases of the tubercles, but most numerous 
in the papular areas. 

Superoinarginal plates, 23 in number from median interradial line to extremity of ray, are rather 
indistinct and are wholly without spines or tubercles of any description. Besides the granulation, 
which is coarser than that of the abactinal surface, and which increases in size toward the actinal 
surface, each plate bears 1 or 2 long slit-like pedicel lariae, larger than those of the dorsal surface but 
otherwise similar. Superomarginals define border of ray. 

Inferomarginals, 20 in number, are confined almost wholly to actinal surface. Fou* or 5 on each 
side of median interradial line bear a small thimble-shaped tubercle, on a slight tumidity, near outer 
edge of plate. (This is absent from the largest and from the 2 smallest specimens.) The granules are 
very irregular as to size; and on each plate there are 1 to 5 slit-like pedicellariaj scattered among them. 
These have jaws slightly raised above the general level, and are narrowly elliptical in shape, with 
truncate ends. In the interbrachial arc there are 5 or 6 roundish plates intercalated between the 2 
series of marginals. (These are absent from the 2 young specimens, and much more numerous in the 
largest. They are present also in P. occidental}* but do not appear so early. In a giant specimen of 
reticulatus I find no trace of them.) 

Armature of adambulacral plates is in 2 or 3 series. (1) Furrow series of 8, less often 7, flattened, 
round-tipped spines, the central ones much longer than the laterals and their tips broader than base. 
Lateral-most spines scarcely equal one-half the length of longest spines; often mere elongated granules. 
This furrow series forms a regular comb, with a much rounded, often angular margin. Spines are 
united for some distance above their bases by a delicate web. A large forceps-like pedicellaria stands 
at adoral end of each series, slightly actinad. Furrow series is situated much higher (abactinad) on 
the side of furrow than the second series, the tips of the former only reaching or extending slightly 
beyond the base of the latter. (2) Second series, situated more nearly on true edge of furrow, 
consists of 2 to 4 spines, often only 2, this latter number predominating on the outer part of ray. 
They are of unequal size, very irregular, but the central spine (or 2 spines if there are 4) is largest, 
with the tip usually broader than the base, and rounded or truncate. Lateral spines vary much, but 
are shorter than the median and are either oblong or leaf-like, with a straight edge to the adjacent 
median spine. Toward the end of ray the second series is reduced to pinched granules. (3) Third 
series when present consists of 2 or 3, often 4, enlarged pinched granules, with rounded tips, in an 
irregular longitudinal row at outer edge of plate. In one large specimen the third series is present on 
nearly every plate, and is well developed, but in the majority of specimens, including type, it is 
poorly developed, being represented by granules of rather small size. Tips of second and third series 
of spines crinkled. 

Actinal plates covered with granules, large and small, with many bivalved pedicellarise scattered 
among them. The granules increase in size toward ambulacral furrows, Incoming subtubercular or 
subspincse in the largest specimens. These tubercles are always mobile, however. 

Actinal surface of mouth plates covered by the heavy granular integument, which has to be 
removed before the plates themselves can be seen. These are large, and when the integument is 
removed, a large convexity or tumid area is seen near the aboral furrow corner, which is surmounted 
by 2 to 5 heavy spines, corresponding to the second series. Furrow spines 10 er 11, increasing 
greatly in size toward the inner mouth angle, where they are large and heavy, and many times larger 
than at outer end of the series, where they are similar to those of the adjacent adambulacrals. (The 
actinal spines already mentioned vary in number, but there are never less than 2 nor more than 5.) 
Actinal surface (of integument) coarsely granular, with often very many pedicellarue. 

Madreporic body oval, either narrow or broad, situated outside the apical pentagonal area at a 
distance equal to one-half the distance from center to interradial edge of apical area. Anus eccentric, 
prominent- 
Color in life: Upper surface maroon, orange on the tubercles. Actinal surface light Naples yellow 
in the center, shading into maroon toward the periphery. 

Variations: The principal variations have already been noticed. One specimen, about the size of 
the type, has fewer and smaller spines on the dorsal surface, the median radial line extending only 
about one-half the length of ray. A larger specimen has the tubercles more acorn-shaped, and 
covered with granules except a bare blunt point at the tip. The connecting trabecular are likewise 
more prominent. The rays are longer and slenderer than in the type, but this character has no sta- 
bility in this species. 
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Young: The smalh-t specimen examined < R=65 mm.; r=2s mm.: measured on avctina! -i ".- 
destitute of ail «lor«d spine* or tuliercle*, there being, along the median radial line, a aeries of U ~" 
rocmded elevations, where the tubercles lat#-r appear. No tubercles are present on the infers. 
naln. Slit-like pedn-ellarup are numerous on the dorsal surface, but the larger bivalved kind aiv • 
so numerous a* in the adult on the ventral area. Third series of a<iambalacral grannies is der^ ; 
on most platen, the second series consisting of 2 or 3 stout elongated granules. In a spe<4n,*-! 
whirh K equals 70 mm. a few conical tutiercles have begun to appear along the median radial 
and 2 in the apical area. In this sfieciinen the third adambulacral series* is fairly well develops 
all plates. In young sfiecimens the papular areas are relatively smaller than in the adult, and : 
trabecule broader. The former are irregular, oval, or oblong, not triangular. In these two -;- 
mens the marginal plates are quite regular and there is no intermediate series intercalated l**:-**- 
them in the interbrachial arc, as in the adult. All the granulation is more regular. In the lam— : 
these immature specimens the actinal intermediate plates, roundish in shape, can quite clear-- 
seen, arrange* 1 in regular chevron*. 

Localities: Typ? mo. 21171, V . S. National Museum) from station 3850, south coast of >!••. •* 
Island, 43-66 fathoms, coarse sand and broken shells, coral; bottom temperature 71.7°. Taken a.^ 
the following stations, in all, 14 specimens examined: 



JUcurd of localities. 



Station. 



Locality. 



Depth. 



Nature of bottom. 



/bfAoau. 

3*49 Smith cnent of Molokal hland T&-43 Ooara? Mand. broken she IK o*»ra. 

3*72 A uati Channel, between Maui and Lanai inland* 43-32 Yellow aand, pebble*, coral. 

4072 North coajit of Maui Inland 156-59 Coarae coral aand. foraminifera. 

4075 do 4^-57 Fine gray amnd, foraminifera. 
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Genu YLDOKBLLIA Gray. 

SuUrrrUin Gray, Ann. N. H.. *»r. 1. vol. vi, 1*40, p. 277. Type, Mth/rrllia armata Gray. 

Nidorellia armata ( (Tray ) . 

Prntaeero* (Sidf/r'Uia) armnius Gray, Ann. N. H., VI, 1&40, p. 277; Bynopnis Starfishes, p.' 7. pi. XIV, Hg. 1-3, 18G6. 
Sidort-Uia anwtta Verrill, Trans. Conn. Acad., vol. I (2d pt.), 1WJ7, p. 251, Perrier, Revision des Stellerides. p. 251, 1*7?-. 
OrrtuUr armaluM Bell, Proc. Zool. Soc. Lond., 1HH4, p. Ml. 

Prof. F. Jeffrey Bell in his paper "The Sf*»eies of Oreaster" records Xidorellia from the Sandwi<t 
Islands. This form was not found by the AUxUross Expedition. 

Gtnns AJTEBODMCUS Gray. 

ABtrrttdtinu Gray. Proc. Zool. Soo. London, part xv, 1H-I7. p. 75. Type, At4er<xiiw riegan* Gray. Pee aim Ann. X. H. 
1M7, p. 1%. Hynop. Spec. Starfish. British Mus., I*i6, p. ft, pi. xii, figs. 1 and 2. 

This ]>ectiliar genus may l>c readily distinguished from others of the Hawaiian region by its th:< i 
Insly, short rays', and tough test covered all over with tubercles, large and small, among which an- 
many granule, ranging down to the most minute. The general form is depressed, while the rays a?* 
blunt, and bear at the tip 2 large convex, oval ossicles, lietween which is set the tubercular temiii.ii 
plate CnlcHa, the only other genus closely resembling this, entirely lacks, the 2 enlarged plates. 

The H|MM*imen at hand differs in several important resects from Ikith (iray's figures and descrip- 
tion of A»i*rodiMr,t* fleynn* (Synopsis, p. 5, pi. 12, figs. 1 and 2). The Ixnly is not so pentagonal. It 
then- are distinct rays present which are more marked in this adult individual than in the young sjuvi- 
nien of rlfjtifin *\i\c\i (tray has figured (op. cit., fig. 2). There is no distinct medioradial lin* of 
tulierclcs larger than the rest, (iray's description states that the tubercles of elegant are " flat-topped". 
and again, M truncate", which in nowise applies to our specimen, for here the tubercles are rounuVh- 
Hiibconicle, or acorn-slmped \\ith a blunt i>oint. (iray further says: The young specimens have irdis- 
tirii't marginal o—icula". One specimen, which is clearly adult, has lwth series of marginal plat* 
quite di-tinct, the inferoinarginals the more numerous; while in 2 young specimens (R=10 mm. i tbr 
marginal plates are as diMiuct as in any goniasterid, the animal resembling, at first glance, a starfoh 
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of the Pentagonaster pulcheUus type. There is, however, a single series of plates between the upper 
and lower marginal series. 

On the whole our specimen appears to belong to a different species. Asterodiscus eUgam comes 
from off Samboagan, Philippine group (Challenger), and from northeast coast of China (Perrier, Re" v. 
Stell.). 

Asterodiscus tuberculosus, new species. 

PI. xxvi, figs. 2, 2a; pi. xxvin, fig. 3; pi. xxxii, figs. 3, 4; pi. xxxiii, fig. 2: pi. xxxiv.l, 2. 

Rays 5. R=69 mm.; r=about 40 mm. (r being variable) . R=1.7r. Breadth of ray at base, 
about 45 mm. Rays short and broad, tapering to a blunt extremity; rather unequal as to width and 
length. Disk large, somewhat inflated. Interbrachial arcs widely rounded. Side of body fairly high, 
but well rounded. 

Abactinal surface is covered with numerous large tubercles shaped something like a miniature 
acorn, or like a pointed egg standing on its blunt end. A fairly regular median radial line of them is 
present with an ad radial series, but beyond these the tubercles are too irregular to form definite series. 
Each tubercle stands on a slight prominence of the test, and its base is surrounded by a circle of small, 
regular, bead-like granules, very ornate in appearance. These tubercles are largest near the extremity 
of rays and in center of disk. Scattered thickly among the tubercles, forming indefinite rows on the 
arms, are large spherical granules, from one-fourth to one-half the size of the smaller tubercles, their 
bases also encircled by minute granules. In addition to these larger granules, there are many others, 
grading down to very minute ones which thickly cover the whole test. 

Marginal plates are not conspicuous, in fact can be seen only as separated ossicles. Corresponding 
to the 8uperomarginal plates are 3 ossicles (from inter radial line), omitting the large plate at the 
extremity of the ray. The innermost ossicle is near the interradial line not far from its companion of 
the adjacent ray. The second plate is about 5 mm. from the first, and the third 8 mm. from the 
second. The third is 15 to 18 mm. from the large plate at tip. Each plate is convex, circular, about 
3 mm. in diameter, and encircled by a row of regular, subquadrate, bead-like granules. Each plate 
bears 1 or 2 large spherical granules or small tubercles on its edge. The large plate at the end of the 
ray (7 mm. in length) is very convex, oval, and is surrounded by a regular series of small, bead-like 
grannies. 

Inferomarginal plates, 9 or 10 to each ray, are smaller than the superomarginals, and are separated 
from them by about 5 mm. of test, thickly covered with tubercles and granules. On the upper side of 
each ossicle is a large subcorneal tubercle, the series increasing in length toward tip of ray. Clustered 
about the base of each tubercle are numerous close-set granules of various shapes, which continue as a 
single row around the inferomarginal ossicle, and, at tip of ray, completely cover the exposed surface 
of distal 2 or 3 plates. The last are more tumid than the others, and are wedged in between the big 
terminal superomarginal and adambulacral plates. In addition, 2 or 3 pincer-shaped pedicellaria?, 
with curved jaws, occur on the ventral side of the inferomarginal ossicles. 

Actinal area is very knobby, with many spherical tubercles, much smaller than those of dorsal 
surface and more regularly arranged. Each plate bears 1 or 2 tubercles, surrounded by large, irregu- 
lar granules, often subprismatic, 4-sided, or at least with a flattened side next to tubercle. An indefi- 
nite series of small granules often occurs outside of these, and near the furrow replaces them to some 
extent. Many actinal plates of ray have delicate pincer-shaped pedicel lariae, with elongate jaws often 
curiously curved. They are smaller than those found on inferomarginals, and are present in interra- 
dial region. 

Adambulacral armature similar to that of elegans. Composed as follows: (1) A nearly straight 
furrow series of 6 (often 5) spines, subequal except theadoral, which is smaller and hidden. Spines fit 
closely together, have blunt tips, and are flattened somewhat. They are united by a thin web for about 
half their length. (2) On first 6 to 9 plates 2 series of heavy blunt tubercular spines, the inner slightly 
longer than the furrow series. The inner series has 2 spines, the adoral the smaller. External to 
these stands the third spine, shorter than the inner, composing the outer series. On actinal surface 
of the other plates there are but 2 spines, standing in a transverse series; while near tip of ray only 
the inner spine persists, and is slender and pointed. Actinal spines are surrounded by a numl)er of 
unequal irregular granules, 1 or 2 on the outer adoral corner being larger than others. No pedicella- 
rise such as Sladen found in the Challenger specimen of elegans (Challenger Asteroidea, p. 353) are 
present on any of the adambulacral plates. 
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Mouth plates narrow, small, inconspicuous, with a furrow series of 11 spines like those of the 
adamt*ulacrals except the inner 2, which are heavier, blunter, and form with the corresponding supine? 
of the companion plate 4 teeth at each mouth angle. A row of 3 or 4 robust blunt spines are pre**-nt 
on the actinal surface of the plate, parallel with the furrow series. A series of small pinched granule 
extends around the margin of each plate, except, of course, that part adjacent to the furrow. 

Madreporic body small, convex, raised above general surface of integument It is situated about 
one-third distance from center to margin, and lies off the exact interradial line. Striations convolute! 
Anal opening eccentric, surrounded by large globular granules. 

Color in alcohol, ashy. 

Young: There appears to be no description of a young Asterodiscus beyond the few words of Gray 
The young of the present species seems considerably different from that of elegant. Rays are well 
marked, regular, short, tapering from a broad base. Disk, large; interbrachial arcs widely angular. 
R=10mm. ; r=6.5 mm. R=1.54 r. Marginal plates well developed, conspicuous, separated by an 
intercalated series of very much smaller ossicles, each bearing a globular granule nearly as large a> 
the exposed surface of the plate. Superomarginals are 4 in number from median interradial line t- » 
extremity of ray, the last plate being very large and swollen as in the adult, and separated from tha; 
adjacent by a transverse series of 2 abactinal plates. Each plate with the. exception of the last is 
slightly convex, is surrounded by a series of bead-like granules, and bears 2 or 3 granules on its 
surface, one being usually larger than the rest. The large plate has a smooth surface. It will be seen 
that superomarginals do not increase in number beyond this stage, the ray growing by the interpola- 
tion of abactinal plates between the superomarginals, principally between the third and fourth. 
Inferomarginals 8 from median interradial line, subcircular, surrounded by many small elongated 
granules in a definite series, each plate resembling a composite flower with short peripheral florets, A 
tubercle stands at the upper edge of each plate, and increases in size toward the end of ray. In the 
adult, which has but 10 inferomarginals, the growth of intermediate plates is principally between the 
third to seventh plates. The single intermediate series of plates between the dorsal and ventral 
marginals is readily distinguishable in the adult, and is situated rather nearer the inferomarginals, 
with which the intermediate plates alternate. 

Abactinal plates are large, circular, arranged in very regular series parallel with the median radial 
row; or, in other words, they form chevrons, the axis of which is interradial. Plates decrease in size 
toward the periphery and each is surrounded by a circle of small bead-like granules and bears a large 
rounded, depressed tubercle which occupies the whole surface of the plate. Primary apical series 
very large, especially the " basals", which bear a much smaller convex granule in the center, instead 
of the enlarged tubercle. A single series of plates between adjacent basals. Within the apical area 
bounded by the basals are 5 regular plates (radial in position) and a definite "central". Primary 
"radials" are situated just outside of the basals; larger than others of the radial series. Papula* are 
distributed all over the abactinal surface. Madreporic body just outside of a "basal" plate. 

Actinal intermediate plates are arranged in regular chevrons, and are not distinct superficially. 
Each is armed with a globular or obovoid tubercle surrounded by a semicircle of 2 to 5 pinched 
granules. Adambulacral plates have 3 spinelets in furrow series, and one actinal spine instead of 2 
or 3. Several granules stand on the outer edge of the plate, one usually larger than the others. No 
pedicel larire are present. 

The color of the young in life is cadmium orange; in alcohol bleached ashy or whitish. 

Localities: Type (no. 21172, U. S. National Museum) from station 3940, vicinity of Laysan Island, 
59-70 fathoms, white sand and broken shells; bottom temperature, 70°. Two young specimens from 
4128, southeast of Kauai Island, probably about 68 fathoms, coarse brown coral sand, foraminifera. 

Genus CULCITA Agassis. 

CiUcita Agatwiz, Mem. Soc. Sci. Nat Neuehatel, t. i, 1835, p. 192. 

Culcita arenosa Perrier. 

Culcita arenosa Perrier, Recherche* sur les Pedicellaires, 1869, p. 66; Revision des Stellerides, 1875, p. 264. Sladen. Chal- 
lenger Asteroidea, 1888, p. 352. 

Culcita norarguinesc var. arenosa, Doederlein, Bericht ii. d. v. Herrn Prof. Semon bei Amboina ges. Asteroidea, in Semon, 
Zool. Forsch. in Australien u. d. Malay. Archipel. <Jenaische Denkschrift, bd. vni, 1896, p. 315, taf. XIX, fig. 5 and 6. 

This species was not taken by the Albatross expedition. The specimen which Perrier described 
was collected by the expedition of Eydoux and Souleyet in the Bonite in 1837, "des lies Sandwich." 
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Family LINCKIID£ Perrier, 1875, emend. 

Linckiidse Perrier, Revision de la Collection de Stellerides du Museum d'HistoIre Naturelle de Paris, 1875, p. 117. 

Key to Hawaiian genera of Linckiidfc. 

a. Plates in regular longitudinal series, between which are regular series of papular areas. Adambu- 
lacral armature in 2 (rarely 3) unequal series, the outer heavier than the inner and more dis- 
tinctly spaced. 

6. All the plates granular Ophidiaster 

66. Whole test covered with a thick membraneous investment devoid of granules Lei aster 

aa. Abactinal plates not forming regular longitudinal series. 
b. Abactinal plates comparatively small. No papulae on actinal surface. Papulee in areas distrib- 
uted among the abactinal plates. Adambulacral armature granuliform superficially, in 2 or 

3 series Linckia 

66. Abactinal plates comparatively large. Papulae in areas; sometimes present on the actinal surface. 
Adambulacral armature papilliform or spiniform superficially, usually in 3 series. . .Nardoa 

Genus OFHIDIABTEK Agassis. 

Ophidiaster Agassis, Prod. Monogr. d. Radiares. <Mem. Soc. Sci. Nat. Neuchatel, 1. 1, 1885, p. 191. Type, Arteritis ophidiana 
Lamarck. 

Key to Hawaiian species of Ophidiaster. 

a. Papular areas in 8 longitudinal series. Papulte on actinal surface. One or 3 series of actinal inter- 
mediate plates. 
6. A single series of actinal intermediate plates. 

c. Well developed pedicellariae present. Madreporic bodies 2, small lorioli a 

cc. No pedicellarise. A single moderately large madreporic body squameus 

bb. Three series of actinal intermediate plates proximally, 2 distal ly. Actinal series of papular areas 

not reaching base of ray rhabdotus 

aa. Papular areas in 6 longitudinal series. No papulae on actinal surface. Two or 3 series of actinal 
intermediate plates. 
6. Abactinal and marginal plates neither nodose nor with conspicuous central naked area. Adambu- 
lacral spinelets in 2 series, 
c. Rays less than 4 times as long as diameter at base. Papular pores 9-J5. Disk relatively 

large sclerodermus 

cc. Rays more than 5 times as long as diameter at base. Papular pores 1 or 2. Disk small, rays* 

slender tenellus 

bb. Abactinal and marginal plates conspicuously tumid or nodose with naked central area. Adam- 
bulacral spinelets in 3 series triseriatus 

Ophidiaster lorioli, new species. 
PI. xxxi, figs. 4, 4a-d; pi. xxxix, fig. 3. 

Rays 5. R=31 mm.; r=4.5 mm. R=7r. Breadth of ray at base, 4.75 mm.; at middle of ray 
4-5 mm. Height of ray at base, 4.5 mm. 

Rays long, nearly cylindrical, or, £1 one case, distinctly depressed, tapering gradually on the 
outer part to a blunt extremity. Abactinal surface of disk slightly convex, a very slight constriction 
being present on dorsal surface between ray and disk. Papular areas regular, in 8 longitudinal series, 
3 pores to the area except in the actinal series and on the outer third of ray, where there are usually 2. 
On disk there are but 7 or 8 areas, with 2 pores to each. The single series of actinal intermediate 
plates is not externally visible. The plates are much smaller than the inferomarginals, 3 or 4 of the 
former corresponding to 2 of the latter. The other plates of ray, namely, the radial, adradial, supero- 
and inferomarginals, form 7 longitudinal series, the plates being cordate, the narrower or adoral 

a J. E.Ives has recorded ( Proc. Philad. Acad. Sci.,*.889, p. 172) 5 specimens of Ophidiaster pu^iUm M uller and Troschel 
from Oahu. It is barely possible that these specimens are 0. lorioli. Ophidiaster pusillus has pedicellariae something- like 
those of lorioli, but there arc only 6 longitudinal series of papular areas. The species has been taken at Flores, Amboina, 
Philippine Islands, New Caledonia. 
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end overlapping the broader or aboral end of the preceding plate. The marginal plates are a trr. 
larger than the alactinal, and all are moderately convex, the transverse a- well as the longitu;;ua 
furrows N't ween the plates being well marked. The *»kin which covers the plates bears rela f iv ., 
large flat granules which are very much larger in the center of the plate than about the borders 
smallest immediately surrounding the papube. The small granules are very irregular in shape, ai 
not at all uniform in size. The larger are more roundish and very slightly imbricating. In .-...- 
specimen they imbricate more noticeably and appear remarkably scale- like, the outer or free hv;j~ 
being suhangular or obtusely pointed in many cases. Kx tending along the japular furrow l*etw. 
the superomarginal and ad radial series of plates on either side of the ray is a row of peculiar ;:.. 
conspicuous 2-jawed pedicellarue, about 10 to 12 in numlier, sometimes leas. There is but 1 fiediiviiiri 
to an area and it is large enough to he readily seen without magnification. Each consists of a <l<»»;k- 
broadly spa tu late, specialized depression with a denticulate margin, into which fit, when open, in* 
broad fan-shaped jaws, which bear 5 teeth or serrations at the edge, fitting nicely into 5 noteh*-? i» 
the e<lge of the specialized depression. The figure will give the exact appearance of these. Trm* 
are also 3 to 5 of the pedicellaria? scattered on disk <abactinali and usually 1 in each actinal int^r- 
radial area, although this is occasionally absent in 1 or 2 interradii. One or 2 pedicellarke may \ 
found at base of ray adjacent to that in the interradius. 

Adambulacral armature consists of 2 series of spinelets. Furrow series consists of small spinel*-*.?. 
the tips of which extend but a slight distance above the general granulation, and these ti}* a:v 
alternately larger and smaller although the difference is slight. When a portion of one side of the \>n 
narrow furrow is removed the spinelets are seen to be about twice as high as broad, with a round*:- 
truncate tip. The adoral is a shade narrower than the aboral member, but it is the latter tL-a: 
appears smaller (or more compressed ) when viewed from the actinal surface. The difference in sik 
is not constant, however, and is of little importance. Between 2 plates there is frequently a small 
granule fastened to the adoral edge of the adoral spinelet On the actinal surface, spaced from thr 
furrow spinelets a distance something less than their length, is a longitudinal series of larger ovoid 
tubercles which are not equidistantly placed, 3 to 6 of the furrow spinelets corresponding to 2 oi the 
actinal. Small, rather scale-like granules are packed in the space between the 2 series of spinelK*. 
The outer spinelets are bent away from the furrow. 

Madreporic bodies 2, small, situated rather nearer the margin than midway to center of disk. 
They are situated in neighboring interradii, but one is somewhat off the median in terra- lial line. Th? 
bodies are flush with the general surface and the striations are few and coarse, either a smaller ginuoos 
line, or V-. U-, and Y-shaped. Anal apertures apparently 2, surrounded by larger granules. 

Color in alcohol a bleached yellowish. 

Locality, Htation 3834, south coast of Molokai Island, on reefs; shore (4 specimens). Type no. 
21173, l\ S. National Museum. 

This sj>ecie8 is closely related to 0. robillardi** P. de Loriol, and more remotely to O. germau^ 
Perrier and O. cribrariua c Liitken. 

From robillardi it differs in having a coarser granulation, often scale-like, on the median portion « 
the plates, while that about the edges is finer; the pedicellarue are broader, with more denticulat ions. 
and the outer surface of each jaw is grooved near the free edge. The pedicel laria? are single to a plate 
as in robillardi, but are situated in a papular area rather than on the plate. There is a slight inequality 
in the furrow spinelets, and the accessory granule, instead of being between the 2 spinelets of a plate 
as in robillardi is always found lietween 2 plates. The folfcwing synopsis will serve to indicate the 
chief differences between the 4 related species. 
a. Papular pores 3 (2-4); plates more prominent. 
b. Anns usually flattened, granulation uniform, pedicellarue narrower, 3 or 4 denticulations on five 
edge; outer surfaces of jaw not grooved; i>edicellariie on plates; furrow spinelets equal; aive* 

sory granules between the 2 spinelets of a [date rMt" T 't l 

bb. Arms usually cylindrical, granulation conspicuously larger in center of plate; jaws of pedieellan> 
nearly or quite twice as broad as high; 5 denticulations on free edge; pedicellaria?ontdjieot 
papular areas, one to an area; furrow spinelets rather unequal; accessory granules between 
the adjacent spinelets of 2 adjacent plates '" f " wl 

"CutuloKiit: KuiNonnc* de* £chinodermes recucillca pur M. V. de Robillard a rile Maurice. <Mem. Soc. Physique ^ 
d'HiMt. Nat. <ienovt\ t. xxix. no. 4, 188T>, p. 24, pi. XV, iigs. 1-6. • 
6 Kt* vision des Stellerides, 1H7'>, p. 130. 
tfVldviihk. Meddel.,1871, p. 277. 
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aa. Papular pores 10-12; plates less prominent. 

b. Furrow spinelets equal „ germani 

bb. Furrow spinelets unequal cribrarius 

Ophidiaster robillardi is found at Mauritius, an interesting fact when considered in connection with 
Valmster striates, a species from Mauritius also occurring in the Hawaiian Islands. Germani is found 
at New Caledonia and 0. cribrarius at the Tonga Islands and Samoa. 

Named in honor of Prof. P. de Loriol, author of a classical series of papers on living and fossil 
echinoderni8. 

Ophidiaster squamous, new species. 

PI. xxxi, fig. 6, 6a- b; pi. xxxvii, fig. 4. 

Rays 5. R=19mm.; r=3 mm. R=6.3r. Breadth of ray at base, 3.25-3.75 mm.; at middle of 
ray 3.75 mm. 

Rays unequal, cylindrical, scarcely tapering at all until the outer third is reached, and then only 
slightly. Tip blunt; terminal plate large, conspicuous, smooth, several small tubercles being present 
at the outer end. No pedicellarhe whatever. Papular pores in 8 longitudinal series, 2 or 3 conspicu- 
ous pores to each area, but only one at the tip of ray and on disk. The plates are markedly convex, 
and the longitudinal series are very regular and separated by very evident papular furrows which 
extend the lengh of the ray. In a transverse direction the plates are marked off by a trifle shallower 
furrows, at the bottom of each of which is a narrow groove bordered by fairly regular globular gran- 
ules. The plates are cordate and arranged in a radial series on either side of which is an adradial, 
Btipero-and inferomarginal, and an actinal intermediate series bordering the adambulacrals. There 
are 2 actinal intermediate plates to each inferomarginal. The plates are covered with relatively very 
coarse granules for the genus, and these are subcircular to oval, convex, and much larger in the convex 
central portion of the plate than at its edges. Along the aboral and adoral edges they frequently form 
a border to a narrow groove as already indicated. From 2 to 6 or 7 granules in the center, especially 
on the marginal plates, are conspicuously larger than the others and imbricate slightly, but slight spaces 
are frequently seen where the circular granules touch and do not overlap. On the inferomarginal 
plates 1 or 2 of the granules, especially on the outer part of the ray, are subtubercular. 

Furrow spinelets are not so large, 2 to the plate, equal, slightly over twice as long as wide, round- 
tipped and flattened. As they are placed on the plate the adoral appears outwardly a trifle longer 
than the other. Each spinelet has a small elliptical granule fastened to the furrow side and lying 
over the crack between adjacent spinelets. The lower end of this granule reaches about to the middle 
of the spinelet, and its upper end falls considerably short of the tip. Spaced from the furrow series, 
on the actinal surface, is a longitudinal row of much stouter, broadly ovoid or subcorneal granules or 
tubercles, of which 2 correspond to 3 furrow spinelets. The space between the 2 series is filled in with 
small, compressed subsquamiform granules, about 1 series of which pass between the actinal spinelets. 
The actinal intermediate plates have lor 2 central granules larger than the rest, but the general gran- 
ulation of these plates is intermediate between that of the adambulacrals and the inferomarginals. 

Madreporic body fairly large, regularly circular, situated about midway between center and edge. 
About the edge of the plate, which is perfectly flat, is a smooth unstriated border. Striations coarse, 
irregular. On the adcentral side are 5 or 6 granules larger than the others. Anal opening guarded 
by 4 triangular granules much larger than any others nearby. 

Color in life, vermilion; in alcohol, pinkish with pale yellowish spots here and there. 

Localities: Station 4100, Pailolo Channel, between Maui and Molokai islands, 130-151 fathoms, 
coral sand, shells, foraminifera; bottom temperature 61°; 1 specimen. 4023, Vicinity of Kauai Island 
18-41 fathoms, gray sand foraminifera, coral, rocks; 1 specimen, very young. Type no. 21174, IT. S. 
National Museum. 

The nearest related species to this appears to be Ophidiaster purpureus Perriera from which 
squameu* differs in having a still coarser granulation, in being devoid of pedicel la rife, and in having 
thicker actinal adambulacral spinelets, which are also situated closer together, so that 1, or at most 2, 
series of small granules separate them. The terminal plate is apparently larger than in purpureus, 
and the arms relatively shorter. It differs in the same respects, practically, from 0. pustulatu* (v. 



a Recherchea sur lea Pedicel lai res, etc., 1869, p. 61. Revision des Stelllridca, 1*75, p. 127. 
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Martens)* with which Doederlein& has recently united purpnreus, the 2 having been taken at 
Mauritius; and the former is recorded also from Amboina and Flores, and the latter from the Seychelles. 
The name refers to the large granules which have the appearance of scales. 

Ophidiaster triseriatua, new species. 

PI. xxx, fig. 3: pi. xxxi, figs. 7. 7a. 

Rays 5. R=18.5 mm. ; r=4 mm. R=4.6 r. Breadth of ray at base, 4.75—5 mm. ; ray about 5.2 
times as long, measured on side, as width at base. 

Disk rather large for genus, rays stout; slightly tapering to a blunt extremity which is capped by 
a tumid terminal plate bearing 3 or 4 low tubercular knobs. Rays well arched above, slightly flattened 
actinally, yet rounded. Interbrachial arcs acute, fairly wide. Abactinal and marginal platen vrn 
tumid, forming 7 fairly regular series separated by conspicuous furrows containing papular are*. 
Medioradial and superomarginal plates largest and most convex, some of them appearing almort hem 
ispherical. Proximal plate of each radial series largest of all, forming a regular pentagon on <M 
Between inferomarginals (which are smaller than superomarginals) and the adambulacrals are 2 row; 
of actinal intermediate plates proximally, becoming 1 on distal two-thirds of ray. The granulation i? 
of medium coarseness. Granules are roundish or roundish polygonal, and area trifle larger in th* 
center of those plates which are wholly covered than in the papular furrows. Transverse, fairly regu- 
lar, fine cracks between larger plates are bordered by slightly enlarged granules. The cracks an? 
usually conspicuous between marginal plates, and on proximal portion of ray. Most of the plate* *A 
median radial series (including the large primary radial) and of superomarginal have the exposed 
rounded surface either partially or wholly free from granules. A number of the ad radial and infer* 
marginal plates, which are not so tumid as the others, have a naked central area. This exposed por 
tion of the plate is quite smooth and on the distal half of the ray is rather more hemispherical and 
prominent than elsewhere (excepting the 5 primary radials). A number of ad radial and superomar- 
ginal plates possess a 2-jawed spatulate narrow pedicellaria with curved spectacle-shaped (pince-nez) 
fossa? very similar to those of O. sclerodermu*. The fossa? are surrounded by a small naked area. Papu- 
lar areas in 6 longitudinal rows, 3 to 5 small pores to each area. On distal portion of ray, owing to th? 
crowding of the ad radial series of plates by enlarged radial and superomarginal plates, the adradial 
series of papula? is absent and the superomarginal is reduced to a single pore to an area, or, at very tip. 
where the superomarginal and radial plates touch, both series of papulie may be wanting. Inside 
apical area of disk there is but 1 pore to a papular area. 

Adambulacral furrow spinelets 2 to each plate, oblong, equal, round-tipped to truncate. Separated 
from these by a distance equal to one-half to three-fourths their length is a flat obovate squamiforni 
spinelet or tubercle, on actinal surface of plate. These form a very regular series and are directed away 
from furrow. Touching the base of each of these spines on the aboral side is a round-tipped slightly 
compressed granule, larger than the other granules of actinal surface, the series of which is quite rejn; 
lar and is intermediate between furrow and actinal spines. Granulation of actinal surface is very 
slightly coarser than that of abactinal, but surrounding the adambulacral spines is a trifle finer than 
on actinal intermediate plates. On one ray there is a single pedicellaria on 1 of inner plates of latter 
series. 

Madreporic body subcircular, situated between 2 large convex radial plates. Striations irregular 
branching, centrifugal. Six or 7 enlarged granules surround subeentral anal aperture. 

Variations: Another much smaller specimen from the same station (R=7 mm.) agrees very well 
with the type except that the plates, especially the primary radials, are not so prominent, and all <t 
the latter but one are covered with granules. The intermediate series of adambulacral granules 1 * 
much more prominent than in the type, nearly or quite equaling the furrow granules or spinelets in 
size. As would be expected, papula? are fewer, there being but 1 to each area. Pedicellaria 1 are a? 
yet undeveloped. Many of the plates of ray, as in the type, are naked, but this portion is not quite 
so prominent, although already very convex. 

Locality: Station 4128, vicinity of Kauai Island, 68-90 fathoms, coarse brown coral sand, foram- 
inifera, 2 specimens. Type no. 21176, U. S. National Museum. 



aOstasiat. Echinod.<Arch. f. Naturg., Brt. 32, 18G6, p. 62. 

frBericht. li. d. v. Ilerrn Prof. Semon bt"i Amboina ges. Asteroidea, in Semon, Zool. Forsch. in Australien u. d. Mai*? 
Archipel.<Jenaische Denkschnft, Bd. viu. ls%, p. 317. 
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This species is characterized especially by the very prominent abactinal plates, many of which are 
naked centrally and form well-rounded bosses along the rays; also by the form of the pedicellarite 
and the character of the adambulacral armature, which is disposed in 3 series, the median being 
smaller than either the outer or inner. In the latter feature this species bears a certain resemblance 
to 0, tuberifer S laden, but is otherwise quite different, as may be seen by comparing figures. Although 
the type is still probably young, the characters appear to be sufficiently well marked to merit descrip- 
tion. The name refers to the 3 series of adambulacral granules. 

Ophidiaater sclerodermas, new species. 
PI. xxx, figs. 4,4a; pi. xxxi, figs. 2, 2a. 

Rays 5. R=63 mm. ; r= 13 mm. R=4.8 r. Breadth of ray at base, 15-16 mm. ; at middle of lay, 
10 mm. Height of ray at base, 10 mm. 

Disk decidedly large for genus; rays only moderately long, tapering from a fairly broad base (for 
the genus) very gradually to a blunt extremity, which is tipped by a prominent terminal plate. The 
rays are decidedly broader at base than elsewhere, and measured along its side each ray is 3J times 
longer than broad. The interbrachial angles, about 75° to 85°, are not sharp. Abactinal surface 
convex, but only slightly so in middle of disk; actinal surface nearly plane, the inferomarginal plates 
forming a well-rounded border to the area. No papulae on ventral surface. 

The plates are prominent on abactinal and lateral surfaces, the longitudinal series being separated 
by prominent but shallow papular furrows. The transverse divisions between the plates are not nearly 
so evident, the plates themselves being entirely hidden by the finely granular, thick skin. One can 
distinguish readily a radial series, and on either side an ad radial, a supero, and inferomarginal, the 
supermarginal defining border of ray when viewed from above. Between the inferomarginal and 
adambulacral series there are, at base of ray, 3 series of smaller intermediate plates, which are reduced 
to 2 beyond the proximal third of ray and to 1 on distal third. There are no papular pores between 
these plates. Whole body is* covered with a remarkably tough, thick skin, which is closely covered 
with a uniform, very fine granulation. Although this specimen is many times larger than the type 
of O. lorioli, the granules are actually much smaller. On the outer third of the ray the plates are 
frequently irregular in disposition, and on 1 ray of the type the plates are all irregular, as if from some 
sort of injury. Papular areas form 6 longitudinal series; 9 to 14 pores to an area on proximal two- 
thirds of ray, but on the distal portion fewer; and frequently there many papular areas are absent. 
The pores are many times larger than the granules, which are here a trifle larger than on the plates. 
The pores form irregular stenciled lines, resembling letters or simple hieroglyphics. There are few 
papular areas in the central portion of disk. Small 2-jawed entrenched pedicellariae are abundant. 
Each consists of 2 narrow, spatulate, smooth blades, set in a little pit and lying each in a specialized 
depression with a smooth, rounded border. The whole apparatus is 1.5 mm. long, and the jaws are 
usually curved, making it crescent-shaped. On the proximal part of ray a series of 3 to 12 of these 
pedicellarue are present just external to the outer adambulacral spinelets, and they are widely scat- 
tered on the marginal and abactinal plates, 1 to a plate, but are most numerous in the proximal 
regions. Occasionally a pedicellaria has 3 jaws. 

Furrow spinelets, 2 to a plate, are much flattened, rounded-truncate, subequal, or the adoral is a 
shade narrower at the base. They are about twice as long as broad and the adoral is usually a little 
broader at the tip than at the base. The furrow face is flat or a trifle concave near base. External to 
these spinelets, at a distance equal to one-third or one-half their length, is a regular series of equidis- 
tant, somewhat flattened, broadly ovoid tubercles, the exposed portion of which is about two thirds 
the length of the furrow spinelets, of which about 3 correspond to 2 tubercles. Packed closely about 
the tubercles and filling the space between them and the furrow are many roundish or compressed 
granules, a trifle larger than the rest of actinal granules. Here and there one can distinguish lines, 
bordered by slightly larger bead-like granule^, running out from the furrow toward the marginal 
plates, and similar fainter lines can be distinguished, with the aid of a glass, between many of the 
plates themselves. The mouth spinelets are like the adambulacral but a trifle larger. 

Madreporic body inconspicuous, but fairly large, cordiform or shield-shaped. Striations fine, 
interrupted, branching, centrifugal. The plate is perfectly flat and is situated nearer margin than 
ceuter. Anal aperture is surrounded by a number of considerably enlarged granules. 
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Color in life: Above, orange yellow with maroon blotches; below, light yellow. In alcoh . 
bleached grayish yellow or ashy. 

Locality: Station 4077, north coast of Maui Island, 99-106 fathoms, fine coral sand, foraminik-n. 
bottom temperature 70°; 2 specimens. Tyj>e no. 21175, U. S. National Museum. 

Ophidiaster tenellua, new sj>ecies. 
PI. xxxi. flgH. 5, 5a. 

Rays 5. R=52 mm.; r=7.5 mm. R=7 r. Breadth of ray at base, 9 mm.; at middle of rav. 
5 to 5.5 mm. Height of ray at bane, 6 mm. Rays 5 J times as long as diameter at base measur- 
along side. 

In general features resembling the preceding species, but with much longer and slenderer ra\>, j 
relatively coarser but uniform granulation, a very much thinner skin, 1 or 2 pores to each jiapuiar 
area, and fewer pedicel larise. The third or outer series of actinal intermediate plates is rudimentar 

The plates are a trifle less prominent than in preceding species, but there is a perfectly ev:«i- ./ 
though extremely fine transverse crack traversing the granulation between the plates. The lij- 
tudinal papular furrows are well marked but shallow. There are 6 rows of papula?, which are j*>liUn 
or in twos (rarely 3). No papulte on actinal surface. The granulation is fine and uniform l«v 
increases in coarseness on the actinal surface near the furrow, where the granules occasionally apr*-&- 
scale-like. As in the last species the plates on one ray are somewhat irregular in disposition near ti* 
extremity. Two- or occasionally 3-jawed j>edicellaria3 form a series on the proximal third of ra> a* 
either side of the furrow just external to the outer adambulacral spinelets, and a similar series* :• 
present on the outer row of actinal intermediate plates and fewer on the 2 series of marginal}-. <♦- 
abactinal surface pedicel larhe are rare. 

The furrow spinelets are about equal in size, 2 to a plate, and slightly spaced. They are much tia'- 
tened, truncate, a trifle broader at the tip than base, and the inner or furrow face has a very shall. »* 
groove running from end to end. The spinelets project a considerable portion of their length beyt»t*<: 
the general level of the actinal surface of the plates. The actinal adambulacral tubercles are flatten*--!, 
ovoid or obovoid, granuliform, bent away from furrow, and form a series just external to the f urr* * 
spinelets, so that only 1 series of granules intervenes between the 2. There is 1 of these tuben i*- 
to every third or fourth furrow spinelet, and they are not nearly so long as the latter. The granule 
of the adambulacral plates are larger than those of the actinal intermediate plates, into which they gr*lr 
imperceptibly. 

Madreporic body circular, of moderate size, situated midway between center and interbrachul 
angle. Striatums deep, irregular, branching, centrifugal. 

Color in life: Buff above, deeper ochraceous in the papular areas; below, cream color. In alcohoi 
ashy. 

Locality: Station 4100, Pailolo Channel, between Molokai and Maui Islands, 130-151 fathom*, c.»ra! 
sand, shells, foraminifera; bottom temperature 61°. 1 specimen, type no. 21177, U. S. Nation*. 
Museum. 

Ophidiaster rhabdotua, new species. 

PI. xxx, fig. 2; pi. xxxi, fig. 8. 

Rays 5. R=80 mm.; r=ll mm. R=7.3 r. Breadth of ray at base, 11 mm.; at middle of ra>, 
8.5 mm. Height of ray at base. 8 mm. Ray 5 to 6 times as long as diameter at base, measured al«:..* 
side. Interbrachial arcs not very acute. Rays appear conspicuously fluted. 

In general form resembling the preceding species, but differing in having more regular and muiY 
convex abactinal and marginal plates, 8 instead of 6 rows of papular areas, and 4 pores (3 to 5; in^te-i 
of 1 to the area; outer or third row of actinal intermediate plates reaching one-third length of ray, and 
granulation a trifle coarser. 

Marginal and abactinal plates form 7 regular convex series separated by 6 equally regular fum»v> 
containing the papular areas. At tip of some of the rays this regularity is completely interrupt^: 
There is also a slight transverse furrow l>etween consecutive plates, but this is not nearly so eonspii u- 
ous as the longitudinal sulcus. In the granulation between consecutive plates there is likewise a ti v 
transverse crack, which is sometimes bordered by slightly larger granules. The marginal platt^are 
slightly larger than the abactinal, and very regular except at end of ray. Between the inferomargiiml 
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and adambulacral plains are 3 series of regular actinal intermediate plates, but beyond the twelfth 
inferomarginal or basal third of ray there are but 2 such. There are 8 rows of papular areas, the 
actinal row (between inferomarginal and outer actinal intermediate plates) ending within 10 to 15 
mm. of the interbrachial arc. This series contains but 2 or 3 pores to the area, and is not sunken in a 
furrow, as the marginal and dorsal areas, which comprise 4 or 5 pores, usually 4. The plates are 
covered, as in the 2 preceding species, with a membrane closely beset with fine granules. This skin 
is thinner than in sclerodermua and the granules are relatively considerably larger, yet fine, being 
coarsest on the convexity of the plates and only one-fourth or one-third as coarse in the bottom of the 
papular furrows. The granulation becomes very gradually coarser on actinal intermediate plates, yet 
is relatively (to the size of the spinelets) finer immediately adjacent to furrow than in tenettu*, since 
the granules again grow smaller as they surround the actinal furrow spinelets. Here and there on the 
abactinal plates, and on the papular areas of intramarginal series, as well as on the actinal intermediate 
plates of proximal portion of ray, are small "spectacle-shaped" pedieellarue, occurring singly, similar 
to but smaller than those of sclerodermus. The figures will sufficiently show the form. On proximal 
portion of the ray a short series of them occurs just exterior to the actinal furrow spinelets. The jaws 
rest in similarly shaped specialized fossa?, as in the 2 preceding species. 

The furrow spinelets are similar to those of the 2 preceding species. There are 2 to a plate, and 
the tip is rounded or subtruncate, projecting well above the general surface. The actinal adambula- 
cral spinelets are also flattened and obovate in outline, bent away- from the furrow. They very nearly, 
or quite, touch the furrow spinelets, only 1 series, if any, of fine granules intervening. (Compare 
figure with sclerodermic.) These actinal spinelets are relatively larger than in either of the 2 
preceding forms and lie closer together, only 1 or at most 3 series of very fine granules separating 
them. As noted above, the adambulacral granules are smaller than those of the actinal intermediate 
plates, while in the 2 preceding species the reverse is the case. 

Madreporic body subcordiform or shield-shajKjd. Striations centrifugal, but very irregular and 
interrupted. The plate is perfectly flat, and is situated nearer the margin than the center. Anal 
aperture is surrounded by a number of much enlarged granules. 

Color in alcohol, dull dark brown; in life unknown; evidently darker than either of the preceding 
forms. 

Locality: Station 3982, vicinity of Kauai Island, 233-40 fathoms, coarse brown coral sand, shells; 
bottom temperature, 48.5°; 1 specimen, type no. 21178, U. S. National Museum. 

This is a more typical Ophidiaster than either of the 2 preceding species, on account of the 8 rows 
of papular pores. The submarginal series of either side is ventrolateral rather' than actinal. But this 
form nevertheless has 3 rows of actinal intermediate plates, and the actinal surface is rather flat, not. 
arched, as in lorioli. The name refers to the fluted character of the rays. 

(tonus LEIABTEK Peters. 

Leiatter (subgen.) Peters, Monateber. d. k. preiuu. Akad. d. Wiss. Berlin, April, 1852, p. 177. 

Leiaster callipeplus, new species. 
PI. xxx t figs. 1, la; pi. xxxi, fig. 3. 

Rays 5. R = 52mm.; r = 8mm.; R = 6.5to6r. Rays not all equal; shortest 47 mm. Breadth 
of ray at base, 8 mm.; at widest part of ray, 9 mm. 

Rays subcylindrical, slightly constricted at base; of a nearly uniform caliber throughout; slightly 
broader than high, abruptly tapering to a blunt point. Rays fairly short for genus. Abactinal 
surface of disk slightly convex; interbrachial angle acutely rounded. No pedicel larire of any 
description. 

The whole test is covered by a thick, tough, smooth skin, which in the living state very effectively 
hides the plates, but in a dried state shrinks and allows the plates to l>e clearly seen. The papular 
areas, which are large, form 8 longitudinal series along the arms, but are irregularly scattered and 
much smaller on disk. Of these 8 series 1 is situated on either side of the ambulacral furrow, another 
on either side between the 2 marginal rows of plates, while the remaining 4 are on the convex abactinal 
surface. The actinal areas have 6 to 10 papular pores, the abactinal about 15, and all the pores are 
very small in alcoholic specimens. In many of the papular areas of dried specimens what appear to 
be 2 or 3 granules can be seen imbedded in the integument. The skeleton is composed of longitudinal, 
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usually regular, series of 4 -sided plates with rounded corners and slightly excavated side*. Tbe*> 
small plates imbricate in the longitudinal direction, and each is joined to its neighbor of the adjao-rt 
series by a transverse, much smaller ossicle, the series being separated from each other by a*-.ir 
one-half the width of a plate. There are 7 rows of these larger plates; namely, a radial, an adradia.. i 
supermarginal, and an inferomarginal. Adjacent to adambulacral plates is a row of small plaits. •>: 
which 2 correspond to each inferomarginal plate, to which every pair of intermediate plates is jmj:.~1 
by the usual transverse ossicle. The papular areas between the actinal and inferomarginal plat«r- sk 
smaller than the others. (PL xxx, fig. la.) 

Adambulacral plates are much smaller than the actinal plates, and are set obliquely as regard- th*ir 
dorsoventral direction, the outer end of the proximal plate underlying the adoral end of the su<v***-d; ic 
plate. The actinal surface of each plate is wider than long, and between the plates are eonspt<.-i.> ^» 
sutures, all being hidden by the thick skin. Armature consists of a furrow series of 3 short. *-*\vu\ 
spinelcts, flattened and with rounded tips. The spinelets stand nearly parallel, and are invested by - 
continuous membrane extending from the inner mouth spines to tip of ray. The edge of thi* n^iir 
brane or skin is serrated by the tips of the spinelets. Surface of spinelete is plane, not gn>o\v:. r 
the inner side. On actinal surface of about every other plate is an upright, robust, slightly compres^d 
spinelet about 1 mm. in length. It is invested, also, in membrane, except the rounded roughened Tip. 
On actinal surface of mouth plates these spinelets are slightly larger (1.5 mm.). 

Terminal plate of arm tubercular, armed with 3 or 4 minute granules or spinelete. Madrvj* •-: 
body circular, perfectly plane, situated rather nearer margin than midway between it and tvnt* r 4 
disk; marked by fine radiating striations. Anal aperture very inconspicuous except in dried >\*d- 
mens. It is surrounded by a number of minute spinelets, wholly obscured by the integument in 
alcoholic specimens. 

Color in life: Abactinal surface and sides a deep maroon purple, with a decided magenta tint „: 
the ends of arms. The purple tends somewhat to pansy purple, but is hardly so blue. Actinal 
surface maroon purple, the series of actinal adambulacral spinelets phlox purple. Tube feet dt*-p 
cadmium yellow. In alcohol all the color is lost, and the specimen becomes a dirty faded yellow. 

Localities: Type (no. 21179, l\ S. National Museum) from station 4149, vicinity of Bird Inland, 
33-71 fathoms, coral and coralline; bottom temperature 77.7° (surface temperature 78°). Taken al«o 
at the following stations, in all, 8 specimens: 

Record of localities. 



Station. 



Locality. 



Depth. 



Nature of bottom. 



| Fathoms. \ 

3872 , Auau Channel, between Maul and Lanai island* ! 43-82 t Yellow sand, pebbles, coral. 

3875 do ■ 65-34 , Fine grav sand. 

4128 1 Vicinity of Kauai Island About 68 I Coarue brown coral sand, fcraai- 

I j nifera. 

41M Vicinity of Bird Island 40-66 i Coral sand, pebbles, shells. 



This strikingly colored starfish is a shallow-water form. The genus contains 5 other speck*: 
L. coriaceus (Peters), Querimba Island, Mauritius; L. glaber (Peters), Querimba Island; L. /r»->" 
(Gray), Mauritius; L. speviosus yon Martens, off Flores and Fiji islands; L. teres (Verriin, La P.u, 
Lower California. The present species is apjwirently nearest L. glaber from Querimba Island, but tr.f 
original description of Petern is too incomplete to lend much aid in determining the specific difference. 



Genus LINCKIA Nardo. 



Linckia Nardo, De Asteriis, Oken's I sis, 1834, p. 717. 
CribrtUa Agassis, Mem. Soc. Sci. Nat. NeuchAtH, t. 



Type, Linckia typus Nardo ^Linckia laevigata (Gmelin) 17SS, 
, 1835, p. 191. 



Key to Hawaiian species of Linckia. 

a. Spinelets bordering ambulacral furrow alternately larger and smaller. Occasionally a third al^ra! 

granule is present in these adambulacral series ; 2 madreporic bodies d*pi -z 

mi. Spinelets bordering ambulacral furrow alxnit equal, but separated by a perpendicular series of 4 
or 5 granules; 2 madreporic bodies muWf*ra 
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Linckia diplax (Miiller and Troschel). 
Pl. xxix, fig. 4; pi. xxxi, fig. 7. 

Ophidiastcr diplax Miiller and Troschel, System der Asteriden, 1842, p. 40. 
Linckia diplax, Liitken, Videnakabelige Meddelelser, 1871, p. 268. 
Linckia pacifica var. diplax, Sladen, Challenger Asteroidea, 1889, p. 410. 

A large specimen of this species was taken at station 3848, off the south coast of Molokai, to which 
may be added a small specimen from 3872, although the identity of the latter is not so certain. The 
large example has 4 arms and 2 madreporic bodies, and its dimensions are as follows: R= 138-140 mm. ; 
r=10-11.5 mm.; R=12-14 r. Breadth of ray at base about 14 to 15 mm.; at widest part, in middle, 
17.5 mm. Ray about times as long as breadth at base measured along one side of ray. Rays are 
considerably flattened in the central portion, narrower at the base and gradually tapering to a blunt 
extremity which is slightly upturned. Papular areas numerous, rather larger than individual plates 
but smaller on the disk. Pores 15 to 25, small. On the lateral face of the arm 3 more or Fees distinct 
regular longitudinal rows of plates can be distinguished. Between the lowermost of these series and 
the adambulacral plates are 3 longitudinal series of actinal intermediate plates, those of the innermost 
series largest. Granules of the abactinal area very fine, much larger on the convexity of the plate 
than in" vicinity of papular pores. On the ventral surface the granules are much larger, polygonal, and 
increase in size toward the furrow. The adambulacral armature is in 2 regular contiguous series. 
The inner series is composed of rather flat, broad, usually spatulate spinelets, with heavy rounded tips, 
separated by a much narrower spinelet about two-thirds the length of the larger. The smaller alter- 
nates more or less regularly with the large spinelet. There may be also a third spinelet, very small, 
almost a granule, in fact, on the aboral end of the plate. This is not common, however. Frequently 
the " smaller' ' spinelet nearly equals the larger in length but is always narrower and not spatulate. 
The spinelets of the external series are contiguous with those of the inner and are less numerous, 
there being 1 to about every 2 of the furrow spinelets. They are slightly larger than the latter, are 
not greatly flattened, and their tips are thick and rounded. Outside of these there are indications of a 
third rather irregular series which may be easily confused with the general granulation of the actinal 
surface, except that the latter is polygonal, while the larger granules are more rounded. Though 
polygonal at times, they rise slightly above the general surface. . 

In the small specimen 3 of the 5 arms are regenerating and the second madreporic plate is almost 
rudimentary. R=33 mm.; r=4 mm.; R=8 r. Breadth of ray at base 4.5 mm. The arms are more 
cylindrical than in the large specimen. Papular areas are much smaller than the surrounding plates; 
pores about 6 to each area. The 3 lateral longitudinal series of plates are distinct. Adambulacral 
armature is as in the large specimen, but the outer or third series is quite distinct. The granulation 
is relatively coarser than in the larger example, and less crowded, especially on the actinal surface, 
so that the granules are globose rather than polygonal. In size this specimen is more nearly like 
Linckia ehrenbergi (Miiller and Troschel), to which the papular areas, smaller than the plates, also 
would refer it, but it is probably to be looked upon simply as a young diplax. 

The species which is nearest to L. diplax is L. pacifica, which differs in having but one madreporic 
body. L. ehrenbergi is also very similar, but the arms are shorter (R=7.5 r); also the spinelets of the 
actinal adambulacral series are said by P. de Loriol (Mem. Soc. Phys. etd'Hist. Nat. Geneve, t. xxix, 1885, 
p. 34 ) to be slightly larger than those of the furrow and equal in diplax. But in the Hawaiian specimen, 
which is out of proportion for ehrenbergi, the actinal spinelets or granules are slightly larger, or at least 
the exposed tip heavier, so that this character is hardly to be relied upon. Linckia multifora differs in 
the disposition of the adambulacral furrow spinelets, which are separated by a perpendicular series of 
4 or 5 granules. The actinal spinelets are not contiguous with the furrow series, and are of about the 
same size as the latter. The general appearance of the 2 forms is very similar. 

Perrier (Rev. Stell., p. 145) notes that diplax occasionally has 3 madreporic bodies. 

Localities: Station 3848, south coast of Molokai Island, 44 to 73 fathoms, sand and gravel; 3872, 
Auau Channel, between Maui and Lanai islands, 43 to 32 fathoms, yellow sand, pebbles, coral. 

Linckia multifora ( Lamarck) . 

Aftertax multifora Lamarck, Animaux sans vertebres, t. n, 1816, p. 565. 

t Linckia typms (Jray, Ann. N. H., ser. I, vol. v, 1840, p. 284. 

t Linckia Itaclni (Jray, ibid., p. 285. 

Ophidiasler multiforin, Miiller and Troschel, System der Asteriden, 1842, p. 31. 

Linckia multifora*, Gray, Synop. of the Species of Starfishes, 1866, p. 14. (Also L. typus and L. leachii.) 
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Linekia muUi/oru, von Martens, Ueber Ontaaiat. Echinod. <Arehiv. filr Katurgesch., Jahrg. xxxii, 1866, bd. 1. p. 65. 

OphvJiattermuUtforti, Edm. Perrier, Pedicellairea, 1869, p. 69. 

Linekia muit{fora % Ltitken, Videnskabeligc Meddelelser, 1871, p. 267, and authors generally since then. 

This species is recorded from the Sandwich Islands by Perrier (Revision des Stellerides, p. 150 1. 
No specimens were taken by the Hawaiian expedition. 

It is not unlikely that with further search in shallow water other forms of Linekia may be brought 
to light. The genus is a rather difficult one. Most of the species look very much alike, so that it if 
not easy adequately to characterize them without the use of figures. Three well-known forms ha\> 
not yet been figured (or at least not where the average student can find them ) . Since other species may 
subsequently be found in the Hawaiian Islands, I have ventured to compile from descriptions the 
following synoptical table of the common species of the genus. Linekia multifont, elarenbergi, sl«1 
marmorata are figured in P. de LorioPs " Catalogue Raisonne des Echinodermes de l'lsle de Maurice 
(Mem. Soc. Phys. et d'Hist. Nat. Geneve, t. xxix, 1886), and L. guUdingi (L. ornithopus of Mullerand 
Troschel), an Atlantic form, in Agassiz's "North American Starfishes" (Mem. Mus. Comp. Z»m-L, 
vol. v, no. 1, 1877). 

Key to the commoner Pacific species of Linekia. 

a. Furrow spinelets separated by several granules in a perpendicular series. 

b. R= 10-12 r. Arms 9 times as long as wide. Papular areas numerous, small, about the size of thf 
plates, 6 to 12 pores. There is no median radial area free from papular areas. Two «»r i 

madreporic bodies umWu*** 

(Red Sea, Mozambique, Mauritius, Ceylon, Larentuka, Celebes, Amboina, New Caledonia, Fiji, 
Samoa, and Hawaiian Islands.) 
66. R=6 r. Rays 5 times as long as wide. Papular areas rather large, superficially larger than tin- 
plates. There is a median radial area free of ]>apular areas. One madreporic body. 

laevigata (L. miiiara'* 
(Red Sea, Mozambique, Mauritius, Zanzibar, Ceylon, Madras, Andaman Islands, Flores, Timor. 
Celebes, Batjan, Philippines, N. Australia, Claremont Inland, New Caledonia, Caroline, Fiji, 
and Samoan islands. 
aa. Furrow spinelets not separated by several granules in a perixjndicular series. 
b. Only 1 jnadreporic body, 
c. Two series of adambulacral spinelets contiguous. 
d. R=8.3 r. Abactinal plates in 3 irregular series. A certain number of these plates, more 
prominent and generally rounded, form bosses or "nodosities" irregularly disposed. 
Papular areas small, with 8 pores, sunken. Furrow spinelets alternately large and 
small; the small are cylindrical, the larger broader at tip. The external series is com- 
posed of granules or spinelets contiguous with the furrow series, each situated opp*jsite 
* a smaller spinelet. They are slightly larger than the larger furrow spinelets. A third 
scries is also present, larger than the other actinal granules and separated front the 

external adambulacral spinelets by a space covered with smaller granules nudofi 

(Tortugas, Arafura Sea, Torres Strait, fide Bell.) 
dd. R= 10.6-1 2.5 r. Abactinal plates numerous and irregular, equal, not especially prominent, 
about the same dimensions as the papular areas. Adambulacral spinelets in 2 contigu- 
ous series, the inner consisting of alternately large and small spinelets. Those < f 
external series are equal; slightly larger and less numerous than the inner series. 

parijim 
(Mauritius, Nicobar Islands, Andaman Islands, Tahiti, Samoan Islands.) 

ee. The 2 series of adambulacral spinelets separated by a granular area marmvrat* 

(Mauritius, Prime of Wales Channel, Port Molle, Fitzroy Island.) 
66. Two or occasionally 3 madreporic bodies. 

c. R=13 r. Length of ray =12 times width diplas 

(Mauritius, Madagascar, Isle of Bourbon, Christmas Island, New Caledonia, Fiji, and Ton^ra 
islands, Hawaiian Islands.) 

cc. R=7.5 r. Length of ray =7 times width ehrenU^/t 

(Red Sea, Mozambique, Mauritius.) 
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Genus NABDOA Gray. 

Linckia (pars) Mullerand Troschel, Monatsber. d. k. preuss. Akad. d. Wiss., Berlin, 1840, April, p. 108. 

Nardoa Gray, Ann. N. H., ser. I, vol. v, Dec, 1840,' p. 286. 

Oomophia Gray, ibid. 

Scytaster (pars) Mttller and Troschel, System der Asteriden, 1842, p. 34. Liitken, Videnskabelige Meddelelser, 1864, p. 163. 

Perrier, Revision des Stelterides, 1875, p. 156. 
Ophidiastcr (pars) Mailer and Troschel, System der Asteriden, 1842, p. 28. 
Narrioa Sladen, Challenger Asteroidea, 1889, p. 411. Type A$teria* varioloid Retzlus (the Aaterias varioloid ol Lamarck, and 

Linckia variolala of Nardo and of Agassiz). 



Nardoa segyptiaca (Gray). 



Oomophia agyptiaca Gray, Ann. N. H., ser. 1, vol. vi, 1840, p. 286. 
Scytaster xgyptiacue Perrier, Revision des 8telle>ides, 1875, p. 164. 
Nardoa segyptiaca Sladen, Challenger Asteroidea, 1889, p. 788. 

Recorded by Sladen (1. c), from the Sandwich Islands. I have been unable to find the original 
record. This species was not taken by the Albatross expedition. 

Family GYMNASTERIID^ Perrier, 1884, emended. 

Gymnasteriidse Perrier, Memoire sur lea Etoiles de Mer, etc. <Nouv. Archives Mus. Hist. Nat., 2* ser., t. vi, 1884, p. 165. 

Genns GYKHASTERIA Gray. 

Oymnasteria Gray, Ann. N. H., ser. 1, vol. vi, 1840, p. 278. Type, Aaterias carinifera Lamarck. 
A$leropH» (pars) Mullerand Troschel, System der Asteriden, 1842, p. 62. 

Gyxnnasteria carinifera (Lamarck). 

Aaterias carinifera Lamarck, Animaux sans Vertebres, t. n, 1816, p. 556. 
GymnaUerias carinifera v. Martens, Archiv. f. Naturg., Jahrg. xxxn, Bd. 1, 1866, p. 74. 

This species is recorded from the Sandwich Islands by Perrier (Revision des Stellerides, p. 286), 
the specimens being in the British Museum. Sladen likewise records it in the report on the starfishes 
collected by the Challenger expedition (p. 357), very likely from the same specimens. No examples 
were secured by the Albatross expedition. 

Order SPINULOSA Perrier emended. 
Family ASTERINID£ Gray, '1840 (emended). 

Asterinidse Gray, Synopsis of the Genera and Species of the Class Hyposloma (Anterior Linn.). < Ann. N. H„ ser. 1, vol. vi, 
1840, p. 288. Emended by Perrier, Revision des 8telle>ides, 1875, p. 289; and in Mission Scientif. du Cap Horn, Echino- 
dermes, 1891, p. 107. 

=Asterininae Sladen, Challenger Asteroidea, 1889, pp. 376, 384, or the Asterinid.T, less Ganeriime and Palmipedime. 

Genns ASTERINA Nardo. 

Amterina Nardo, De Asterils, Oken's Isis, 1834, p. 716. Type (?) Asterina gibbosa (Pennant). Asterina minuta (Olivi) 
S ardo= A stcrias gibbosa Pennant. 

Asterina granulosa Perrier. 

Asterina granulosa Perrier, Revision des Stellerides, 1875, p. 312. J. E. Ives, Proc. Phil. Acad. Sciences, 1889, p. 173. 

The specimens upon which the species is based were collected by M. Ballieu in the Sandwich 
Islands in 1874. The only other direct reference which 1 have been able to find is that of J. E. Ives 
(I. c), who records one specimen from Oahu, collected by Dr. W. H. Jones. No examples were 
secured by the Albatross expedition. 

Family ANSER0P0DID£ a , new. 

~ Subfamily Palmipedinae Sladen, Challenger Asteroidea, 1889, p. 394. 

"By those who do not believe that this group constitutes a family the name Anseropodinee must be used, instead of 
Palmipedinae, Palmtpc* being a synonym of Anteropoda. 

F.C.B.1903,Pt.S— 21 
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Oenus ANSEROFODA Nardo. 
^r,,,,,,,,, San... D. AM., * V- 71* T, ,»• ***** — — ™ " ■«"*"• H"™* *— «■ 

,,,„„„ id s. NewMtot, i. >. i»V •«• 

Anaeropoda insignia, new N[»<< i.*, 
PI mvm, Dk>- '-'»■ 
IUy 8 fl K = l21m..,;r=mM 11 m. R = I.J r. A larger but b- I- r,,,« rpeOCX- M» 

J, t ,r„r expend .orface. Than, regarding toward radud area. *>d center o ^. 

a Id, 1 a either ride On* I «*d Own 8 additional iinaller tufa, which have 4 or 5 apt. J* 

££ ,„t M» 7 to 10 or more. ( arinnallythe 3 n,-r,, ami form a larger in. 

♦ .' » li dtek Ihm are often 4 tufa of nearly equal -iae, with about 8 to 10 apindeti 

SSSttfcJ*—" a Plate. aith .vera, g-up, - 1 .-J J*** - 

* ; , v' "-"""■ vn si ' i "" i,H ;,,v i,ry ■ , " ,i '' :i,t "' BhM * r^5 

dSntrSTci^a! Sk On 'either aide of median .did »«•*■•£ 

beat more tufts of fminetots, usually 5 to 6. , ,, 

jEbntacrd plates », rdfar « witl nv« margin to furrow »- £ "£ 

,1 * A n,.« aerie, tf :- o* B I rarely •> i ddicate apinelete, united for oyer ball iter length 

SL tlu- Surd apiteet, or l,, - .If. the aboral h ; about two- ^ *• «g*J „ 

.fateh on nearly ootid, (i) On actind eurfacw of the plate a group of about lUeptni (eta, 
; , l^prita-ri^whichhmoree-llynndet^lformlta^^ 

• ,. tmw-tinal surface there U a d.mt.1. 1 '- »•' :i " alenderer rMM 
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Marginal plates are very small. The plates which probably represent the superomarginals are 
larger than adjacent abactinal plates, and are placed without reference to the regular rows of the latter. 
They bear a tuft of minute spinelets. The inferomarginals are larger than superomarginals, and like- 
wise bear a glomerular tuft of minute spinelets. Both series resemble tiny paxillae. 

Madreporic body small, situated near center of disk. Striations coarse, irregular, radiating. Anal 
opening subcentral 8 to 9 mm. from madreporic body. Ambulacra I feet with small sucking disks. 

Color in life: Upper surface bright vermilion, with a madder-pink cast, the radial ridges intense 
scarlet vermilion. Actinal surface scarlet vermilion, a large area in central part of disk cream color, 
slightly spotted with vermilion. Edge of ambulacra I furrow slightly more yellowish than rest of light 
patch. Ambulacral feet translucent yellowish brown (raw sienna). 

Variations: A small specimen (R=35 mm.) is essentially like the large individuals. Most of the 
plates of the abactinal interradial area bear but 1 tuft of spinelets, 7 to 10 in number, and widely 
radiating. The larger plates of central portion of disk bear 4 to 8 tufts. Mouth plates shorter than in 
adult, and the furrow spinelets much slenderer, 5 to 6 in number, and united by a web. Actinal 
mouth spines fewer. Adambulacral furrow spines 5 or 6 at base of furrow, 3 or 4 on outer part. 

Localities: Type (no. 21180, U. S. National Museum) from 4101, Pailolo Channel, between Mauai 
and Molokai islands, 143-122 fathoms, coral sand, shells, foraminifera; bottom temperature 59.7°; 3 
specimens. Taken also at 3835, south coast of Molokai, 169-182 fathoms, fine brown sand and mud; 
1 specimen. 

This remarkable starfish, which is a true Anaeropoda, is perhaps the oddest species in the Hawaiian 
collection. Like its congeners, it is literally flatter than a pancake, which character, added to its 
brilliant coloring, gives it a truly bizarre appearance. The animal is very delicate on account of its 
extreme thinness. All the specimens are more or less injured, but the type is entire. Anseropoda 
innignis is probably nearest A. placenta of the Mediterranean region. It differs, however, in having 
constantly 6 rays, and in details of adambulacral and abactinal armature. A. rosacea, from Japan 
and the Bay of Bengal, is a fifteen-rayed form, which likewise differs in its armature. A. diaphnea 
(Sladen) and A. pellucida (Alcock) are apparently widely different forms. 

This species evidently feeds largely upon shrimps, for the stomachs of 2 individuals are crammed 
with these small crustaceans ranging from 5 to 25 mm. in length. It would be interesting to learn 
in what manner the prey is secured. 

Family ECH1NASTERID/E Verrill, 1871, emended. 

Echinasteridee Verrill, Trans. Conn. Acad., vol. 1, 1867, part 2, p. 343. 

Key to Hawaiian genera of Echinasteridx. 

a. Disk small. Spinulation small. Spinelets isolated or grouped. No pedicellariae. 

b. Abactinal plates bearing small spinelets in more or less compact groups Henrici a 

bb. Abactinal plates l>earing simple isolated spines Echinaster 

aa. Disk moderately developed. Rays 5. Abactinal plates plates regularly disposed, having small 
isolated spinelets. Marginal plates with large valvate pedicellarue. Actinal intermediate 
plates bearing one or more large flattened spinelets Valv aster 

Subfamily EOHHSTASTERINJE VIGUIER, 1878. 

Echinasterinse Viguier, Anatomic Comparee du Squelette de<* Stelllridt*. <Archiv. Zool. Explr. et Gene>., t. vn, 1878, 
p. 123 (separate). 

Genus HENBICIA Gray. 

Henricia Gray, Ann. N. H., ser. 1, vol. VI, 1840, p. 184. Type Asterias mnguinolenta O. F. Miiller. 

Linckia Forbes, ncc Nardo, Mcra. Wern.. vol. vm. 1H39, p. 120. 

Cribrella Forbes, nee A^assiz, British Starfishes, 1841, p. 106. 

Cribrefla, Lutken, Gronl. Echinod., 1H57, p. 30; and most other authors up to present day. 

Echinarter, Miiller und Tmschel, System dir Asteriden, 1842, p. 22 (pars). 

Henricia, Bell, Ann. N. H., ser. 6, vol. vi, 1890, p. 472. 

Prof. F. J. Bell (op. cit. ) has explained why the name Cribrella can not be used for this genus. 
Since few writers have cared to follow the ordinary rules of nomenclature in this case, however, it 
may be well to state again why Cribrella has no status in nomenclature. 
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L. Agassiz (Prodrome d'une Monographic des Radiares ou Echinodermes, Mem. Soc. Sci. Xai 
Neuchatei, t. 1, 1835, p. 191) wrote as follows: 

Linckia Nardo.— Cribrella Ag. Msc.— Corps £toil£; rayons tuberculeux et allonges; peau poreuse dans les intend 
L. \Hiri<Aata N. (Asterias variol. Lam.)— L. TypusH.—L. Franei*cu» N. Les especes decrites par Goldf. sous le* ana 
d'Asterias arenicola et abtusa, semblent devoir former un genre a part que Ton pourrait nommer Pleuraster. k r* 
les connais cependent pas assess pour en decider. 

It is very evident that Linckia and Cribrella were the same in Agassiz's mind. In other *.»rl«, 
Cribrella must be treated as a substitute name for Linckia Nardo, and since Cribrella is ba*^ -c 
Linckia the type of Linckia is the type of Cribrella. If Linckia should become invalidated, (V*V'«'.i 
could replace it; otherwise Cribrella can never have any standing other than as a synonym of Li,A><\ 
Even if none of the species given above were congeneric with Linckia of Nardo [but L. tyjm i- tfo 
type of Linckia], or even if it could be proved that Agassiz never saw a specimen of true Lindit, thr 
case would not be altered. If a writer bases one genus upon another intentionally or unintentional h. 
the type of the old genus becomes ipso facto the type of the new one. 

It appears, therefore, that Forbes's appropriation of the name Cribrella for the group prvviuiisly 
named Henricia by Gray has no justification. Cribrella, as a matter of fact, has nothing tod"*itl 
this group. It is simply a synonym of Linckia. Canon Norman (Ann. N. H., ser. 6, vol. vn, j>. >'! 
contends that * 'Agassiz first used the name; that Forbes more accurately defined the genus." Aga-wi 
left no doubt as to what he meant by Cribrella, so that Forbes did not better matters by transferrins 
the name to another and previously named genus. 

Key to Haivaiian species of Henricia. 

a. Rays short and thick nimfr 

b. Rays long and slender pauperr'w- 

Henricia robusta, new species. 
PI. XXXV, figs. 1, 2; pi. xxxviu, figs. 2, 2a. 

Rays 5. R=31 mm.; r=6 mm. R=5 r. Breadth of ray at widest part, near base, 8-9 nn.. 
Rays unequal, the shortest with R=26 mm. 

Rays short and stout, swollen at base, and thence tapering to a blunt extremity which i^ recurve!. 
The whole animal is slightly depressed, so that the rays are not cylindrical except near tip, but an- 
rather elliptical in section, and are constricted next to disk, a shallow sulcus running part way towani 
center of disk from each interradial angle. The disk appears rather small in consequence. 

Plates of the abactinal surface are very small, and are so arranged as to form an open network, 
inclosing fairly large, irregular papular areas. These plates are crowded with groups of 3-8 mini*, 
delicate, slender, short, cylindrical, often slightly tapering, spiculifonn spinelets. There is no constant 
arrangement of these spinelets, although occasionally a biserial grouping is discoverable. Often thn 
form an irregular circular group. The papular areas, which are sunken considerably, are often broken 
up by isolated plates, or 2 or 3 plates together, bearing tufts of spicules. 

Low on the lateral wall, which is rounded, is a narrow, rather irregular longitudinal line, vhkh 
rises toward interbrachial angle. This is composed of longitudinally disposed plates a trifle larje r 
than the others, each crowned with 14 or 15 of the slender spinelets. Below this series i^a similar 
line of smaller, transversely disposed plates, which is succeeded by still another longitudinal K-rh-*. 
with long axis of plates likewise transverse. These bear alwut 15 spinelets disposed in 2 or 3 irmrnl;i r 
transverse rows. The first series, which has been considered the superomarginal, is slightly nvn 
conspicuous than the lower (inferomarginal) because its plates are nearer together, being placed f 
to end. Between superomarginals and adambulacrals the plates are arranged in definite transvei*' 
series, except at very base of the ray, where there is irregularity. Between the i nfero marginals an 1 
adambulacrals one can count 5 or 6 plates to each transverse series at base of ray. These are redtu^ 
to 2 at the end of the proximal third of ray, and to 1 at about the middle. The single longitudinal 
series of intermediate plates continues for two-thirds to three-fourths the length of the ray. The* 
actinal plates are l>eset with slender spinelets like those of the dorsal plates. In some cases a deli^ 
web can he distinguished uniting the basal half of several adjacent spinelets. 

Armature of adambulacral plates as follows: (1) A short compressed spinelet placed high up ° n 
side of furrow. (2) On actinal surface of plates at base of ray, 3 or 4 larger, cylindrical, slightly taper 
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ing spinelets, arranged with 1 on furrow margin and 2 behind in an oblique or longitudinal series; or 
when there are 4, 1 on margin, followed by 1 directly behind it, and the two outej in an oblique 
series. Occasionally the 4 are grouped on the inner half of plate, without definite order. On outer 
part of plate there is a group of 7 to 10 much smaller, subclavate spinelets, slightly larger than those 
of adjacent actinal intermediate plates. They are well spaced, and increase in length toward furrow. 
Further along ray the arrangement is usually 1 spinelet on the furrow edge and behind it, 2, a trifle 
shorter, in a longitudinal series. A fourth spinelet is sometimes present, external to these. On the 
outer side of plate are 5 or 6 unequal, smaller spinelets, their bases united by membrane. 

Madreporic body of medium size, circular, situated at the summit of an interradial sulcus. Stria- 
tions few, coarse, radiating, with wide sulcuses between the ridges. The latter are Btudded with 
numerous spinelets, like those of neighboring plates. Anal opening eccentric," prominent. 

Color in life, a soiled cream color. 

Locality: Type (no. 21181, L f . S. National Museum) from station 4115, northwest coast of Oahu 
Island, 195-241 fathoms, coral sand, foraminifera; bottom temperature 55.1°. 

This species is characterized by its thick, short rays, and generally robust form, by the uncrowded 
condition of the plates which form a network, by the numerous delicate spicules forming groups on 
these plates, and by the adambulacral armature. The species is most nearly related to Jlenricia obe&a 
(Sladen) from the Falkland Islands and Straits of Magellan, from which it differs in details of its 
spinulation and in the armature of the adambulacral plates. The spines of the body are much more 
delicate in robusta than in obesa, and are more numerous. 

Henricia pauperrima, new species. 

PI. xxxv, flgs. 3, 4; pi. xxxviii, flg. 3, 8a-b. 

'* Rays 5. R=61 mm.; r=£ mm. R=6.7 r. Breadth of ray at base, 9 mm.; at 10 mm. from base, 
fruam. Rays unequal, the shortest (possibly mutilated) 40 mm. 

Rays long and very slender, cylindrical, tapering continually from a narrow base to a prolonged, 
bluntly pointed extremity. Disk fair sized, somewhat inflated. Interbrachial angles obtuse or 
rounded. 

'-'Plates are larger and more crowded than in the foregoing species. They are small and form a 
close network which is very irregular. Abactinal surface, however, appears quite porous, the plates 
being in nowise so crowded as in leviuscula or Banguinolenta. Papulae are large and isolated, sur- 
rounded by small plates, which bear 8 to 12 minute, very delicate and sharp, well-spaced spinelets. 
These are much more delicate than those of last species and can not be distinguished without a glass. 
Smaller plates may bear only 4 or 5 spicules, which, however, are always spaced, not in compact 
groups. 

Adjacent to the adambulacral plates is a series of plates slightly larger than the lateral and 
abactinal plates, and like them bearing delicate spinelets. On the outer two-thirds of the ray a con- 
tinuous series of smaller (superomarginal?) plates is present, and between the 2 is a very definite line 
of papulse which extends to mouth angle. Actinal interradial plates are rather larger than abactinals. 

Adambulacral plates are rather large, only a trifle broader than long. Armature as follows: 
(1) 2 delicate, slender spinelets, placed one above the other high on furrow wall, the upper being at 
apex of plate. (2) On actinal surface 3 rather long, slender spinelets, spaced on edge of furrow, 1 in 
the center being longest. Just behind these, at the base of ray, 2 to 4 additional spinelets often stand 
in a longitudinal row, and occasionally farther along the ray there will be 1 or 2 much smaller spine- 
lets. The outer two-thirds of the plate is covered with 10 to 15 delicate, minute, we'l-spaeed spinelets 
or spicules, similar to those arming other plates of the body. 

Madreporic txxly fairly large, with a few coarse, irregular, narrow ridges separated by deep sulcuses. 
Ridges bear minute spinelets. Body is situated nearly midway between center of disk and margin 
when the specimen is viewed directly from above. 

Color in life, very pale greenish-gray or dirty white; ambulacral furrows darker greenish-gray. 

Localities: Type (no. 21182, U. S. National Museum) from station 4166, vicinity of Bird Island, 
293 to 800 fathoms, coral sand, foraminifera, rocks; bottom temperature 45.6°. A young specimen 
probably belonging to this species was taken from 4044, west coast of Hawaii, 233 to 198 iathoms, 
fine gray sand. 



1092 



BULLETIN OF THE UNITED 8TATE8 FISH COMMISSION. 



r 
5 

3 

e 
i 



This species is remarkable for its very slender rays, and curiously formed disk. It is probably 
most closely related to Henricia compacta (Sladen), from the west coast of New Zealand (275 fathom* . 
but differs from this form principally in the adambulacral armature. //. pauperrima may be readily 
distinguished by the 2 small spines placed on the side of the ambulacra! furrow (pi. xxxviii, fig. 3b , 
there being in this genus usually only 1. 

Genus SCHUTA8TEB Mtlllar and Trosehal. 

ErhinoBter MQller and Troochel, Monatuber. d. k. preurn. Akad. d. Wlm. Berlin. April. 1*40, p. 102. Type (?) EchiwW" 
sepotitua (Lamarck) . 

Echinaster, sp. 

Of the 2 species of Ech master in the collection, 1 is represented by 2 specimens, the other by but I. 
The first species is too young for specific determination. One of the examples was taken at statu ii. 
3872, Auau Channel, 43 to 32 fathoms, yellow sand, pebbles, coral; the other at station 4162, Bird I«lan.i, 
21 to 24 fathoms. R = 13 mm., r = 2.75 mm. The plates are relatively large, cordate, and arrange*! on 
rays in a radial, ad radial, supero- and inferomarginal and 1 actinal intermediate series. The primary 
apical system is conspicuous. In the smaller of the two specimens most o'f the plates have a hIuti 
stubby spinelet. Furrow adambulacral spinelets 2, short, the aboral slightly the shorter; arranged m 
a linear series, the whole of which from end to end of the ray is invested in a very delicate membrant-. 
On the actinal surface of every adambulacral plate is a robust, short, stubby, lanceolate spine direcfol 
away from furrow. On outer part of ray alternate plates are often without actinal spines. Actinal 
intermediate plates much smaller than inferomarginals, oval in shape, and about as large as adamho- 
lacral plates. Single madreporic body. Rays 5. 

Color in life: Light buff, yellow at tips of rays, which are mottled above with burnt sienna. TU 
rays are also marked with transverse scalloped lines of the same color, which follow the adoral over- 
lapping edges of the plates and give a very scaly appearance to the creature. 

The other species is larger and is almost undoubtedly new, but is in rather too poor condition to 
constitute a type. It is closely related to Echinaster sladeni de Loriol, from Mauritius" Rays*. 
R=32 mm. ; r=5 mm. R=6.4 r. Rays considerably flattened, somewhat constricted at base, tapering to 
a blunt point; practically the same shape as E. sladeni. There are 7 longitudinal series of 4-loW 
plates, of which the marginal series is constantly most regular. Kach plate, with few exception?, 
bears a robust, sharp spinelet only very microscopically striated. Between adambulacral and infero- 
marginal series are 2 rows of small rounded plates, the outer series corresponding plate to plate with the 
inferomarginals, while there are 2 plates of inner series to each of the outer. Papular areas al>out *\m 
of plates, containing only 1 or 2 papuUe. Adambulacral plates short, band-like. Furrow spinelet? 2, 
rather delicate, slender, blunt, tapering very slightly. They are united for most of their length by a 
very delicate membrane which is continuous throughout ray. On actinal surface is a robust, slightly 
flattened, tapering, bluntly pointed spine, somewhat larger than those of inferomarginals Occasion- 
ally a plate is missed, and on the outer part of ray usually only alternate plates possess an actinal ?pine. 
Madre poric body single. 

Locality: Station 4046, west coast of Hawaii, 147 to 71 fathoms, coral sand, foraminifera. 

It is possible that the preceding species is the very young of this form. The present specie* differ? 
from sladeni in having a thicker skin, stouter spinelets which do not appear to l>e striated an in the 
Mauritius species; very much heavier actinal adambulacral spines, and more cylindrical, blunter fur- 
row spinelets, which are, moreover, webbed. The 2 series of adambulacral spines will distinguish thi> 
species from E. gracilis, E. eridanella, and the other Indian and Pacific forms, if taken in connection 
with the thinnish skin and regular rows of plates. 

Subfamily VALVA8TERINJE Viguier, 1878. 

Valvasterinae Viguier, Anatomie Comparee du Squelette des Stellerides. <Areh. Zool. Exper. et Gener., t. vii, 1*7* P I« 
(separate). 

Genus VAXVASTEB Parriar. 

Valvaster Perrier, Revision des Stelleridea, 1875, p. 112. Type, Atterias striata Lamarck. 

a Mem. Soc. Phys. et d'Hist. Nat. Geneve, fxxxil, pt 1, 1894, p. 61, pi. 
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Valvaster striatus (Lamarck). 

PI. xxxvill, figs. 4, 4a. 

Asterias striata Lamarck, Animals sans Vetrebres, t. in, 1816, p. 253. 

Valvaster striatus, Perrier, Revision des Stellorides, p. 112, q. v. for complete synonomy. 

This species was not taken by the Albatross in 1902, but a specimen was secured in 1891 at station 
3469, south coast of Oahu Island, in 14 fathoms, on sand and coral. 

A very good figure, with critical and descriptive notes, is given by P. de Loriol in "Catalogue 
Raisonnd des Echinodermes recueillis a PIsle de Maurice" (II. Stellerides), published in Memoirs 
de la Soci^te" Physique et d'Histoire Naturelle de Geneve, t. xxix, 1885, p. 11, pi. vm. 

Rays 5. R=50 mm.; r=18.5 mm. R=2.8 r. Breadth of ray at base about 22.5 mm. General 
form depressed and flattened. Interbrachial arcs angular. The whole surface of the body is covered 
with short robust spines and spinelets, which are sharp on the abactinal surface but more blunt and 
often rounded, truncate, and flattened on the actinal. The characteristic feature of the species is a 
series of very large superomarginal, valvate pedicellariae, surrounded by acicular spinelets, bordering 
the abactinal area. 

Abactinal surface slightly inflated and the plates, which are arranged in regular network, leaving 
triangular, rather small, papular spaces, are not superficially evident in the alcoholic specimen. They 
are covered with sharp, conical spinelets, each of which is enveloped in a pulpy membraneous invest- 
ment, 83 that neighboring spinelets appear to touch, and do not appear isolated as in the dried spec- 
imen figured by de Loriol. A median radial and 2 parallel series of spinlete on either side are slightly 
-more prominent than the others. The small papular areas have fewer pores than de Loriol's speci- 
men, only about 3 to 5. The abactinal membrane is granulous. 

The superomarginal plates visibly define the border of the ray. Nearly all of them bear a long 
bivalved pedicellaria which occupies the whole length of plate and is surrounded by email, sharp, 
slightly curved acicular spinelets invested by a pulpy membrane which obscures entirely the encased 
spinelets. In interbrachial angle and at extremity of ray, a few plates lack the pedicellaria and bear 
an enlarged spinelet surrounded by granules and small, sharp spinelets. 

Actinal plates bear each a flattened, stout, sharp, blunt, or truncate spine, much larger than the 
dorsal spinules. These spines, which are encased in membrane, are surrounded by 2 to 5 unequal, 
much smaller acicular spinelets, which are so sheathed in membrane as to appear broadly conical. The 
smallest of these spinelets is one-third the size of the largest, and there are likewise still smaller 
granules, especially in the interradial region. There are 5 longitudinal rows of the spines at base of 
ray, then 4 and 3, and on the outer third of ray 2. Inferomarginal plates each bear a stout, tapering, 
flattened spine, larger than the actinal spines, surrounded by a number of membrane-invested small 
acicular spinelets, 1 or 2 of which are usually larger than the others. Rarely a second spine stands on 
the same plate with the first. In de Loriol' s specimen from Mauritius 2 spines were usual, and 
occasionally 3. Each adambulacral plate, clearly distinct from its neighbor, bears a furrow series of 
5 spinelets at base of ray, becoming reduced to 3 on the outer portion. They form a fan, the aboral 
spinelet being equal to the third and the spinelet between them a trifle longer, while the fourth and 
fifth are decreasingly shorter than third. They are united by membrane for one-half to two-thirds 
their length, and are slender, the longest being about 1.75 mm., the shortest 0.25 mm. On the actinal 
surface of plate stands a truncate, flattened, slightly tapering, much stouter, and longer (2.5 mm.) 
spine similar to those of actinal intermediate plates. -Two or 3 granules and a small, sharp spinelet 
stand close to its base in the outer end of plate. On a number of the proximal plates of series a small, 
. upright, blunt forficiform pedicellaria takes the place of the shortest spinelet. A very few plates have 
a sixth spinelet or granule added to the adoral end of the series. 

Madreporic body small, and situated nearer the center of disk than midway to margin. Stria- 
tions very fine. 

The specimen was partially dried after the characters had been noted in the alcoholic condition. 
In this way the granules of the abactinal surface became at once evident, and likewise a very few 
small forficiform pedicellaria;. The character of the abactinal surface agrees very well with de Loriol' s 
figures, except that the spines are a trifle stouter than in the Mauritius specimen, and, since our 
specimen is smaller, the papular pores, as already noted, are fewer. The actinal spines of the*' 
Hawaiian example are not so broadly truncate, but are frequently slightly tapering and even bluntly 
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pointed. The accompanying spinelets appear a trifle larger and stouter in proportion to spine. TV 
furrrjT -pinelets are slightly stouter than in <le Loriol's specimen, and there is usually hut 1 anenir 
ftpinele-t accompanying the actinal adambulacral spine. De Loriol does not mention the farr-i 
pedkelJaria?, which are present in the Hawaiian specimen. Some of these differences, all of wh;.; 
are stiirht, may be due to age, but more likely to the widely separated localities. 

Vftlrtutn- ftriatus in another widely distributed funn. It is found at Mauritius, but there i» a jrr^: 
i-ity of records for points intermediate between that island and the Hawaiian group, for I haw l-n, 
I to find any. 

Family MITHRODHD/E Perrier, 1894. 

Mithr^lwiit* Ferrier, Exped. Travailleur et Talisman. Echinodermes. 1W4. p. 4. 
* JfHtirrwlJin* Vlguier. Anatomie du Squelctte des Stelleride*. -Arch. Zool. Expcr. et Gener.. t. vu, 187* 1<TS . j, L* 

Genua MTTHSODIA Gray. 

: 'iray. Ann. N. H., »er. l.vol. vi, 1H40, p. 2H7. Type. Mithrodia gpinulom (—Aiterias ciavujrra Lamarck*. 
HrrrmxMrr Michelin, Revue Zoologique. 1H44, p. ITS. 

Mithrodia bradleyi Verrill. 
PI. xxxvi, figs. 1, 2; pi. xxxvn, figs. 1, 2, 3. 



ratUryi VerriJl, Trans. Conn. Acad., vol. 1. 1869, p. 28*. 
Harigera Perrier, Revision de* Stellerldea, 1875. p. 817; see also p. 337. 



J. E. Ives, Proc. Philad. Acad. 5«.. 1«, 



p. 171 



Thi* peculiar type is a rather common inhabitant of coral sand and rocks in shallow water, bet* 
far a- Mir experience goes is not found on exposed reefs anywhere in the Hawaiian group. Nearly 
all Ifefl N[*ecimens were taken with hempen tangles from bottom too rough for dredging nets, "n 
mccmjiA of the stout, rough spines with which the sides of the body are beset this method of cnlitvtir.; 
[iri.vi-d very successful, a considerable number of perfect specimens having been secured. Th^ 
exhibit some variation not altogether due to difference of age. 

The largest example has a major radius of 230 mm., or a diameter of about 450 mm. Not all tin- 
rays are of equal length, one being larger than all the rest. The shortest ray is about 19S rum. 
Inequality of rays seems to be a characteristic of the species. There are generally 5 rave, but »r. 
small specimen has 4 and another 6. 

liars subcylindrical, broader than high, except in young specimens where dimensions are nearly 
equal; distinctly narrowed at base and constricted next to the very small disk. R=about 14 r, but ;n 
one large specimen the ratio is as low as 1 to 8.5 or 9. The whole animal is covered with a tousrh 
integument beset with rather sharp granules, l>eneath which are the plates, so arranged that the 
surface of the body is marked off by coarse ridges forming a sort of network, which isolates triangular, 
roundish, or irregular areas containing the papula? and covered with tiny scattered granules. Tin 
ridges are thrown into little knobs or prominences which vary considerably in number ani 
j>rn[x<rtions. As a rule they are more numerous in large si>ecimen8, often so much so as todtrfr >y 
the mob-like appearance of the ridges, which are covered with low, conical, crowded granules tb: 
give u very rough, rasp-like texture to surface. There are no prominent spines on the dorsal Hir?** 
exoepl in young specimens and very rarely in medium-sized specimens. In the former tht-rt- 1« 
usually a median radial series of 6 or 8 widely spaced, rigid, subcorneal, or elongate thimbleshaj^s 
spines covered with sharp, scale-like granules. The granules or asperities on summits of the Inwtf 
knob- 1 ike eminences, as well as those of the spine-tips, are larger and sharper than the othrr- • 
There are regularly in old and young 3 longitudinal rows of cylindrical rigid spines, like thoHJiK 
described, on either side of the body, 1 on the margin or lateral face of ray, and the other 2 on m? 
Sdinal surface. In adults the spines of the lateral series are least numerous, while those eM> 

i Tniust ventral series are most numerous as well as slightly the smallest. In small and medium- 

sized examples there is not much difference between the middle (or outer ventral) and inner htu* 
while itl some adults there is considerable difference. These spines are slightly tapering and the 
membranous integument covering them is invested, like that of remainder of body, with squamitnnn. 



h -ugh Perrier considered this an Independent family 111 ISM (Mem. Mir les Etoiles de Mer, p. 164), he »vrvto'> 
timmt "Mttnrodinae. ' 
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pointed granules, larger and more crowded at tip than at base. In 1 specimen a secondary row of 
enlarged tubercles intervenes between the 2 actinal rows of spines. 

Each adambulacral plate bears a prominent cylindrical, blunt, upright spine on the actinal 
surface. These form a regular, close series at border of furrow, and are slenderer, slightly shorter 
and much more numerous than the adjacent spines of inner actinal series. (In young specimens the 
difference between the 2 series is very marked.) They taper very slightly, have rounded tips, and 
are covered with squamiform granules, which increase in size toward extremity of spine; but on side 
toward furrow there are no granules except at the very tip, the surface being smooth. Furrow series 
is placed directly at the base of the large actinal spine and consists of 6 to 9 or 10 slender spinules, 
united for their whole length by a fairly tough membrane and forming thus a fan with a very convex 
margin. The 3 or 4 central spinules are much the longest, the outermost of each series being very 
short indeed, especially when there are 8 to 10 spinelets to each fan. 

Madreporic body is of medium size, with rather fine, interrupted striations. It is situated about 
midway between center and margin of disk, and in the larger specimens is nearly completely obscured 
by protuberances of the test. 

The color of the live animal varies somewhat. One medium-sized individual was uniform 
vermilion except ambulacral furrow, which is yellow ocher. A large specimen was colored as 
follows: Papular areas dull brownish or reddish gray (a sort of pinkish sepia); abactinal surface of 
arms with 6 or more dark, or brownish, cross bars; the tubercles of lighter bars light vermilion; 
on the dark cross bars, deep vermilion. On actinal surface no barring visible, the tubercles and 
spines being all bright vermilion. Suckers of tube feet, yellow. 

Localities: Thirty-six specimens were taken at the following localities, station 4024 with 9 being 

most prolific. 

Record of localities. 



Station. 



3847. 
3871. 
3872. 
3876. 
3960. 
8875. 
3978. 
4024. 
4034. 
4046. 
4062. 
4146. 
4159. 

4160. 
4162. 
4163. 
4164. 
4169. 
4170. 



Locality. 



Depth. 



Fathoms. 
23-24 
13-43 
43-52 
28-43 
10-19 
16-171 
32-46 

Vicinity of Kauai : 24-43 

Penguin Bank, south coast of Oahu I 28-14 

West coast of Hawaii 147-71 

Northeast coast of Hawaii I 83-1 13 

Vicinity of Bird Island 23-26 

do 30-31 



South coast of Molokai 

Auau Channel between Maui and Lanai . 

....do 

do 

Vicinity of Laysan 

Necker Island Shoal 

Vicinity of Bird Island . 



.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



31-39 
21-24 
24-40 
40-56 
21-22 
26-27 



Nature of bottom. 



Sand, stones. 
Fine white sand. 
Yellow sand, pebbles, coral. 
Sand, gravel. 
Sand, shells, coral. 
Coarse sand, coral, shells. 
Coral sand, foraminifera, rocks. 
Coarse coral sand, foraminifera. 
Fine coral sand, foraminifera. 
Coral sand, foraminifera. 
Coral, volcanic sand, shells. 
Coarse coral sand. 

Coarse coral sand, broken shells, fora- 
minifera. 
Coral, coralline. 
Coral. 

Do. 
Coral sand, pebbles, shells. 
Coral. 
Coral sand, foraminifera. 



I have compared the Hawaiian specimens with 2 full grown examples of bradleyi from the Gulf of 
California and a specimen of clurigera from the Fiji Islands'. The latter, in the collection of the Cali- 
fornia Academy of Sciences, was taken by A. Garrett, and is labeled Mithrodia spinuhsa Gray. This 
example is considerably different from any of the Hawaiian specimens. The rays are slenderer, 
meshes of the skeleton wider, the trabecule slenderer, and the granulation of the integument much 
finer. There is a median dorsal row of spines, which are widely placed beyond the middle of the 
ray and are few in number. The other spines are all relatively longer than in Hawaiian specimens, 
with the exception of the adambulacral armature. The trabecular have numerous small, spaced, 
tubercles which are not swollen and crowded as is often the case in the Hawaiian specimens. On 
the papular areas the granules are elongated into short spinelets of a rasp-like appearance. Furrow 
spinelets are 11, the central longest, and the 5 on either side graduated in length, the laterals being 
quite short. These are rather more delicate than in the Hawaiian examples, and decidedly more so 
than in those from the Gulf of California. 
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In bradleyi from the last locality the farrow spinelets range from 6 to 10, the central spinekt? 
being slightly heavier and more clavate than in the Hawaiian examples. Tlie number of spinel**. i« 
of not so great importance, since the Fiji example of darigera has 11 (occasionally 10,. whiles 
example from Mauritius figured by P. de Loriol has but 8 and 9. There are no medio-radial ±]>'we* z 
adult examples of hradlryi and all the spines appear shorter and stouter. 

While the Hawaiian examples are not typical, they are certainly nearer bradLyi than W»rr, : >~. 
In the character of the furrow spinelets the specimens are nearly intermediate. Perrier in hi* Revia ■; 
des ftellcrides refers Hawaiian examples to ctarigera, as noted in the synonymy, but later in thesarr^ 
work, under Luidia hrerityina, says: "Si, comme j'ai quelques raisons de le croire les Jfil/nV«i .fe 
Panama etdes Sandwich sont specifiquement identique, nous aurions done deux especes d'A*t»r:* 
communes a la cote occidentale d f Amerique et aux iles Sandwich" ( p. 337 ). Evidently this authority 
had some doubts concerning the identity of the Hawaiian Mithrodia, and changed his mind after pr> 
lishing the first part of his work. 

To arrive at any satisfactory conclusions concerning the species of this interesting genus, on? n<x 
have specimens from very many localities throughout its range, and preferably many specimen- fn-a 
each locality. 

NOTB8 ON A PECULIAR SPECIMEN OF MITHRODIA. 
PI. XXXVII, flg». 2.3. 

There is one specimen in the collection which differs so widely from any of the others that it ha- 
not been included in the foregoing notes. R=140 to 145 mm.; r=33 to 37 mm. R=3.8 tu4.4: 
Disk rather large, rays stout, blunt, subcylindrical, heavy, not constricted at base, but on the <-ontnr} 
widening a little. Breadth of ray at base 35 ti 40 mm. Interbrachial angles distinctly roundel 
The ridges which are so conspicuous in the other specimens are scarcely perceptible in this and are 
very much smaller and more numerous, dividing the body into irregular, very much smaller and n.un 
numerous papular areas. While in ordinary examples these trabecule are thrown into irregular arvi 
frequent prominences, in this specimen the whole surface of the body is covered with scattered. 1' v 
thimble-shaped tubercles. They arise abruptly from the inconspicuous trabecuke, and are cowrw 
with small conical sharp granules very much larger than the tiny granules embedded in the rest of th* 
integument. On the actinal surface there are 2 rows of these, larger than the rest, which com*!**.: 
to the 2 actinal series in typical specimens, but the lateral row is entirely wanting. The spines of t e 
innermost actinal series — that adjacent to the actinal armature of the adambulacral plate*— are nr 
numerous and larger than those of the outer row, which are almost wanting on one ray. The inner 
face of the actinal adambulacral spines is entirely covered with granules, is not naked as in typwd 
specimens. There are 8 spinelets on the furrow series. Color in life, dull light cinnamon, pink wl 
maroon at ends of arms. The cinnamon in places is mottled with buff. Actinal surface i* ltfbt 
pinkish buff, or vinaceous, darkest on tubercles. Ambulacral feet raw sienna. The coloring i* tbw 
considerably different from the other specimens. 

Young: There is a young example which seems to be near the above and which agrees with it 
very well in most particulars. The innermost actinal row of spines is very regular and straight, th* 
spines themselves being shorter than those of the adambulacral series. There is also a second eeri^ <•( 
less numerous ventro- lateral, and a third series of lateral spines, all short, in addition to a few Fcattemi 
on the dorsal surface. Actinal adambulacral spines and dorsal tubercles as in adult. R=38 mm ; r=U' 
mm.; breadth of ray at base, 14 mm. 

Localities: Station 4147, Bird Island, 26 fathoms, coral and coralline; 4158, same locality, 2i^' 
fathoms. 

Whether this is a different species from the common 'form, or only a freak, I am unable t«» t-tate 
If it is not a mere variation of bradleyi, it would apparently represent an undescribexl species. 

Family MYXASTERID£ Perrier, 1804. 

Myxasteridtt: Perrier, Expeditions S<'ientlnqiie* du Travailleur et du Talisman, Echinodermea, 1894, p. 177. 

Genus A8THENAGTIS, new. 

Tyi*e A*lhtn<icti* jKipyrarftt*, new species. 

Rays 7, long, flexible. Disk fairly large, capable of inflation. Actinostome very large and a<law- 
bulacral furrows wide. Tube feet large, in 2 series, with sucking disks*. 
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The whole abactinal and lateral .surfaces cf body are paved with very thin, delicate, papery plates, 
of a peculiar subcruciform or 4-Iobed contouv They are immersed in thin, tough integument, and 
imbricate strongly, especially on sides of body, where they are arranged in fairly regular transverse 
rows. Individual plates are difficult to distinguish until the integument is dry. Each plate bears a 
sheathed tuft of spicules. Papula? single. 

Adambulacral plates are of curious shape, set somewhat obliquely, so that the outer aboral process 
of each plate fits against the outer side of the succeeding plate. Armature consists of an oblique trans- 
verse series of long, slender spinules divided between 2 adjacent plates. That portion of the comb 
nearest furrow is set on an oblique low ridge of one plate, and consists of 7 spinelets, while the outer 
part of series stands on the aboral extension of the adjacent adoral plate and consists of 3 spinelets, 
the entire 10 being united to their tips by a continuous web. The outermost spinelet of consecutive 
series is further united by a longitudinal ventrolateral membrane which is perforated between each 
adambulacral series of spines. 

Mouth plates are prominent actinally, of the Myxaster type, with a prominent beak aborally, and 
a marginal armature united by membrane. 

Madreporic body large, not multiple. 

This genus differs from Myxaster in the following important particulars: In the peculiar arrange- 
ment of the adambulacral plates and their spines, each transverse series of the latter, although united 
by membrane as in Myxaster, being common to 2 adjacent plates; by the presence of a sort of actino- 
lateral membrane uniting the successive adambulacral series, this membrane being perforated; abactinal 
and lateral plates are thinner and more delicate than in Myxaster, are immersed in membrane, and are 
not so regular along medio-radial region. 

Asthenactis papyraceus, new species. 
PI. XL, figs. 3, 3a. 

Rays 7. R=105 mm.; r=15 mm. R=7 r. Breadth of ray at base about 10-12 mm. 

Rays long, and slender throughout, very flexible, tapering from a fairly narrow base to an attenuate 
extremity. They are subcylindrical, depressed near base. Margin of ambulacral furrow rounded. 
Disk fairly large and ambulacral furrows fairly wide. Ambulacral feet in 2 series, with prominent 
sucking disks. Integument like parchment, rather thin and papery, with numerous imbricating 
subcruciform plates. 

Abactinal and lateral walls of body paved with very thin, delicate, papery plates of fair size, the 
4 processes of each plate having rounded ends. Those at the sides of body are arranged in fairly 
regular transverse rows, and are rather closely imbricated. Here one can count about 4 or 5 plates to 
each transverse row. They imbricate in such a way that the upper edge of a plate overlies the lower 
edge of that just above. Their form and arrangement are perhaps best shown by the figure (pi. xl, fig. 
3). Over abactinal area the plates may be described as stellate with 4 obtuse, often irregular lobes. 
They are not nearly so crowded as in the lateral walls, and do not appear to be regularly arranged, 
although they still imbricate by their lobes. Between these plates single small papulae emerge. They 
are very inconspicuous, and are present also between some of the lateral plates. All plates are thin 
and of an embryonic character, and their outlines are di fficult to discern. When prepared and exami ned 
under the microscope, they are seen to consist of an open calcareous meshwork of the most delicate 
description. Each plate bears a tuft or brush of long, delicate spicules, 4 or more to each group, the 
whole united by a delicate sheath. Spines of lateral plates are situated on the middle of upper border 
of plate. Surrounding the conspicuous anal opening, at a slight distance, is a circle of 7 tufts, radially 
situated, and larger than any of the others. The spinelets or spicules are very delicate in all these 
groups. Each has a deep longitudinal sulcus running its whole length, in the bottom of which are 
numerous perforations forming about 2 series. The disk is marked by a faint groove extending from 
each interbrachial angle to the periproct. The whole surface of the body is covered with a thin mem- 
brane which obscures the outlines of the plates. This is continued up over the groups of spines, forming 
the sheath mentioned above. 

Ambulacral plates form a rounded margin to furrow, and are of unusual shape. Each is rounded 
on its exposed surface and sends a process aborally, external to the adjacent aboral plate. This pro- 
cess, which is wedged between the succeeding plate and the first row of actinal plates, is really only 
the exposed surface of a more extensive aboral end, overlaid by the adoral end of the succeeding plate. 
Its greatest peculiarity lies in the fact that it bears a group of spinelets which form a continuous series, 
not with the furrow spinelets of their own plate, but with those of the succeeding plate, to which they 
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stand just external. Armature, therefore, consists of 7 (becoming 6 at about middle of ray, l.^ 
slender spinules, united by a delicate web, forming a slightly curved, transverse, oblique series, pL-* 
on a tumid ridge on the rounded furrow margin, trending from the aboral furrow side outward ai. 
adorad. Inasmuch as the plates are set obliquely the series is not far off the transverse axi* V _■ 
series is immediately continued on the aboral process of the adjacent adoral plate in 2 or 3 long glt:i/> 
spinules, also placed obliquely. The spines of the two series are united from base to tip by a gin:.*. 
continuous, delicate web. On the proximal portion of rays (the distal part being too injured tovtrr:-. 
the structure there) the outer groups of spines of successive plates are united by a delicate lonjritu.iinx 
membrane, as shown in the figure (pi. xl, fig. 3a). This membrane is perforated between sikt**> 
transverse series, and extends across interbrachial area just behind mouth plates, there being ai* •* 
perforation at the outer end of combined dentary plates. The spines of inner or marginal **r* 
decrease in size toward aboral end of series, the last or inner spinelet being short (1 to 1.5 mm. i. T> 
longest spines are about 5 or 6 mm. in length. Outer series is subequal or slightly longer than lonsK 
inner spines. 

Mouth plates prominent actinally, and triangular in shape, something like a plowshare. Lui 
rises toward a perfectly straight, median suture to form a prominent keel. Edge of plate to*!*: 
actinostome is broad, faintly convex, and produced just a trifle at the median suture. The outer »••,: 
of the combined pair is also prolonged, so that it overhangs interbrachial area. Margin adjam.! ?■■ 
furrow very short, concave, and high in furrow. Distal (adambulacral) margin concave, the -o 
slightly raised, so that a broad furrow is present between the first adambulacral and the smooth a< ill 
face of plate. Armature consists of a series of 6 spines and spinelets on margin toward actin<x<>v 
The inner 3 or 4 are rather long, reaching nearly to outer end of plate, and are united by a web. T* 
outer 2 or 3 are very short. On the short margin adjacent to furrow, near the shorter marginal sjii- 
lets, are 2 upright spinelets about the same length as the latter. The general surface of the pbfo>ir 
quite smooth, and the spines, as well as those of the adambulacral plates, are similar in structure u 
the abactinal spines already described, although much larger and stouter. They are neverthelt* 
very delicate, and break almost at a touch. 

Madreporic body large, convex, subcircular, very fragile, situated rather nearer center of disk tb: 
midway to margin. Striatums are obscure and very irregular. Ambulacral plates are lar^e. w/i 
very broad ends, the upper ends especially flariug. The apertures between the plates are large. 

Color in life, dull pinkish (" salmon pink"). 

Locality: Station 4157, vicinity Bird Island, 762-1,000 fathoms, white mud, foramimfera, txxsl-: 
bottom temperature 38°. Type no. 21183, U. S. National Museum. 

Family PTERASTERID£ Perrier, 1875. 

Pterasteridae Perrier, Revision de la Collection de Stellerides du Museum d'Histoire Naturelle de Paris, 1875, p. SSI. 

Key to Hawaiian genera of Pterasteridie. 

a. Armature of adambulacral plates forming transverse combs, the spines being united by a web. 
Actinolateral spines forming a free, independent lateral fringe; not merged in the actinal ti«»r; 

supradorsal membrane with muscular fibrous bands Ptervto 

an. Armature of adambulacral plates not forming transverse combs. Spines independent, not unifcd 
by a web. 
/;. Nidamental cavity spacious. Supradorsal membrane well developed; spinelets of paxilhe ntf 

protruding through, but supporting the membrane Hymenals 

bb. Nidamental cavity small; supradorsal membrane exceedingly thin; muscle fibers absent .or mo- 
mentary. Spinelets of paxilhe fascicular, protruding a great portion of their length nake- 
through the membrane. Size small Besth.a'-tq 

Genus PTERASTEB M Hilar and Trosehel. 

Pterasttr Mttller and Trosehel, System der Asteriden, 1812, p. 128. Type, Asterias militarU O. F. Miiller. 

Pteraster reticulatus, new species. 
PI. xxxvin, figs. 5, 5a; pi. xxxix, figs. 1, 2. 
Marginal contour stellate. Interbrachial arcs angular. R=39 mm.; r=23 mm. R=l-« r 
Breadth of ray at base about equal to r. Disk not high. Abactinal surface rounded, sloping gradual-.* 
to tip of ray. Sides of rays straight. Actinal surface sunken toward actinostome. 
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Supradorsal membrane thin but muscular; whole surface densely beset with the tips of paxilke 
spinelets, which are very prominent though slender. Pedicels of paxilke are rather longer than the 
spinelets, of which there are about 10 widely radiating to each group. There are apparently no 
spicules present in the membrane, which is marked off by a mesh work of muscular bands into polygo- 
nal or roundish areas. In the type these bands are not at all conspicuous; in fact, are rather indistinct, 
but in a specimen from station 3472 they are very well marked. In this specimen each area is slightly 
sunken, and is further broken up by the protruding tips of paxilhe spinelets, from which radiate 
numerous, much smaller, irregular fibers. On disk there are about a dozen large spiracula to each 
area, but on rays they are much less numerous. Oscular orifice large, but not conspicuous; surrounded 
by spines imbedded in membrane. 

Ambulacral furrows narrow. Tube feet in 2 rows, with no tendency toward quadriserial arrange- 
ment. Armature of adambulacral plates consists of a transverse series of 6 or 7 spines. The innermost 
spinule is short and slender, about one-half the length of the next, and is placed a little aborad to the 
remainder of comb, which thus appears to curve slightly at furrow end. Each succeeding spine is 
considerably longer than the last, the outermost being about one-half the length of adjacent actino- 
lateral spine, on the proximal portion of ray, but considerably more than one-half on distal portion. 
All radiate and are joined by a thin, semi transparent membrane, with shallow emargi nations between 
the tips of the spines. The web, after passing the outermost spine, is joined to the actinolateral mem- 
brane (or the web of the actinolateral spines) somewhat aborad to that lateral spine corresponding to 
the plate. The adambulacral web of the first plate is confluent, just external to mouth plates, with 
web of first adambulacral of adjacent series. Segmental apertures are small. Aperture papillae small, 
"jawbone-shaped," articulated by broader end, and free on aboral margin. 

Mouth plates, with a broad, free margin. Marginal spines 6 or 7, the innermost tapering, exceed- 
ing the interradial dimension of plate in length, and reaching beyond center of actinostome. The next 
spine is shorter and much slenderer, while the remainder of series rapidly decreases both in length 
and caliber. The first 4 spines free, but membrane tipped; fifth and sixth usually united by a web* 
Irregularity exists in that it i$ occasionally the second and third, or the third and fourth, which are 
united by membrane. On actinal surface is a robust spine, slightly longer and much stouter than the 
largest marginal, tapering and pointed, sheathed in membrane, free, and directed outward away from 
actinostome. In a smaller specimen this spine is relatively larger, club-shaped, transparent, pinkish 
in color and crystalline in luster. 

Actinolateral spines are very slender, rather long, the lateral fringe extending beyond the margin 
of test. Actinolateral membrane plane, wide. 

Color in alcohol, faded pinkish gray to yellowish gray. 

Localities: Type (no. 21184, U. S. National Museum) from station 3867, Pailolo Channel, between 
Maui and Molokai islands, 284-290 fathoms, fine sand and mud; bottom temperature, 43.8-44°; 2 
specimens. Taken also by the Albatross in 1891, 3472, south coast of Oahu, 295 fathoms, fine white 
sand; 3476, same locality, 298 fathoms, same bottom; 1 specimen each haul. 

This species is characterized by the reticulated supradorsal membrane, by the numerous and 
prominent spinulcs of the abactinal paxilhe, which give a very roughened appearance to the surface of 
the supradorsal membrane, and by the armature of the adambulacral plates and mouth plates. The 
spines of thn mouth plates are not webbed, except 2 very small lateral marginals. The species appears 
to resemble most nearly Pteraster semireiiculatus Sladen, from which it differs in the details of the 
adambulacral spinulation, the armature of the mouth plates, and to a less extent in the details of the 
dorsal surface. 

Genus HYMENASTEB Wyville Thomson. 
HirmenaMer Wyville Thomson, The Depths of the Sea, London, 1873, p. 120. Type, Hymenader pellucidu* Wyville Thomson. 

Hymenaster pentagonalis, new species. 

PI. XXXVIII, figs. 6, 6a-b; pi. XL, fig. 2; pi. XLI, fig. 1. 

Marginal contour nearly pentagonal. No interbrachial arcs in perfect specimen, the sides being 
fairly straight. R=80 mm.; r=60 mm. R=1.33 r. Abactinal area nearly flat, or probably in "life 
slightly convex when the tissues are fully expanded. Actinal area plane. Margin rather thick and 
fleshy, irregularly scalloped (probably due to unequal shrinkage). 
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Supradorsal membrane thick, soft, fleshy, and nearly opaque in alcohol. It is irregularly 
wrinkled, very probably due to shrinkage in alcohol, and in consistency resembles the bell of a tocjr. 
jellyfish. Scattered rather widely along the radial areas are a number of prominent, soft, points: 
papilhe. In the type these are almost wanting, or are at least very short, but in 2 other gpeci:i t is 
which undoubtedly belong to this species, they attain the length of about 8 mm. Their size depend 
somewhat upon the degree of contraction of the dorsal membrane surrounding them. There an- 
about 30 to 40 to each radius, in the specimen on which they are best developed, and 2 or 3 stand in 
the interradius near the oscular valves. Each has a very slender pax ilia spinelet running its wh-W 
length. From the outside these pax ilia spinelets are scarcely perceptible, as they are exceedingly 
delicate. If the actinolateral membrane is carefully removed they may be seen springing from the 
very rudimentary abactinal membrane or true body wall. Each paxilla consists of a slender, cylin- 
drical, basal portion, the summit of which is slightly enlarged to afford articulation for 4 extremely 
delicate, long, bristle-like spinelets united by membraue, which enter the supradorsal membrane am- 
radiate widely apart, imbedded in the tissue. Occasionally there are 5 in the larger fascicles on th<- 
lateral and proximal portions of the radial areas. It is one of these slender spinelets which L* 
imbedded in the papilla and extends to its tip. Not all the paxillar fascicles have papilhe corre- 
sponding to them. The paxilhe are well-spaced and extend in 2 irregular series along each side of tb? 
median radial line, those of the outer series being largest. All diminish in size toward extremity of 
area. No specialized bands of muscle' in the supradorsal membrane. Spiracula microscopic, very 
inconspicuous and impossible to detect without strong magnification; confined to small, elongated, 
irregular, or substellate groups, of 25 or even more, which are widely scattered among the papilla?. 
Oscular orifice large. Valves bro.id, nearly truncate, fan-shaped, all united by a web. Spines slender, 
numerous (18-19), about 10 or 11 mm. long, springing from a fan-shaped, triangular basal piece, with 
a curved margin (about 6 mm. wide) for the attachment of spines. 

Ambulacral furrow wide (8-12 mm.), narrowing,abruptly toward extremity; shallow. Armature 
consists of 2 slender, tapering, sharp spinules close together in a longitudinal, often a trifle oblique 
series, on tumid furrow margin. Adoral spinule is slightly the longer,, although near base of ray it 
may be shorter. Both are sheathed in membrane, which is not evident except at tip, where there i> a 
sort of fleshy thickening, extending slightly beyond extremity. Distal plates of series (usuaih 
beyond middle) have only 1 spine. Rarely a few scattered plates in proximal portion of series havt 
but 1, also, and the first plate usually 3. Segmental apertures small; aperture papilla (the spinale 
standing directly in front of each aperture and acting as a valve to close it) of fairly large size, rather 
broadly suboval, invested with a pulpy membrane. Aperture papilla of the first adambulacral plate 
is multifid, and is immersed in the actinolateral membrane, for which it acts as a sort of support, 
immediately behind the combined mouth plates. 

Mouth plates large and broad, with a prominent keel at the interred ial junction of the plate?. 
The outer end of the combined pair is most prominent, forming a sharp point which projects upwani 
when the specimen is laid on its back. The inner end also forms a beak pointed toward the actino- 
stome. Armature consists of a marginal series of 5 sharp, slender spinules on the lateral flange. 
Rarely a sixth spinule is added adjacent to the first adambulacral. A membrane-invested spineiet 
similar to and homologous with the aperture papillae stands just external to the innermost of th? 
marginal spinelets. Rarely an acicular spinelet stands on the general surface of the lateral flange. 

Actinolateral spines long, slender, and rather closely placed, about 40 to 50 in number. 
Actinolateral membrane translucent. 

Madreporic body, as seen through the dorsal osculum, is large and very convex. 

Color in life, light rose pink. 

Localities: Type (no. 21185, U. S. National Museum) from station 4090, northeast approach to 
Pailolo Channel, between Maui and Molokai islands, 304-.'J08 fathoms, fine gray sand; bottom temp 
43.8°. Taken also at 3911, south coast of Oahu, 337-334 fathoms, fine gray sand and mud; 3914, 
289-292 fathoms, gray sand and mud, same locality (6 specimens). 

This species is characterized by the shape of the disk, the generally fleshy character of the 
supradorsal integument, by the miscroscopic spiracula, and by the armature of the adambulacral and 
mouth plates. It most nearly resembles Hymennnter carnosus Sladen, from off the west coast of South 
America (1,500 fathoms), from which it differs in the number and distribution of spiracula, character 
of abactinal surface, shape of disk, armature of adambulacral and mouth plates, and probably also in 
having weaker paxilhe spinelets. 
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Br^K-utrr $Ud«m. Joura. Linn. Soo. L>o«]«>o v ZooL , vuL in, 1S&G, p. 2C Type BrmthatUr wyrilk-lkoauumi SUden. 

Benthaater eritinras, new species. 

PL xxxnn. fig. 7: pi. xu figv 1. U-K 

Marginal cootoar substellate, interbrachial arcs wide, angular, and only moderately indented. 
R = 10.5 mm.; r=6 mm. R=1.75 r. Rays taper gradually from a broad base, tips upturned. 
Abactinal surface slightly convex, rather depressed. Actinal surface slightly convex. 

Supradorsal membrane is very delicate, transparent, appearing scarcely more than a film. It is, 
however, remarkably resistant, and when examined under the microscope by transmitted, or even 
reflected light, small muscle fibers can be distinguished meandering through the membrane, forming 
an illy define* 1 net work. There are, besides, small spiracula i?*i scattered here and there. Each 
appears to be surrounded by a thickening of the membrane, making the aperture well defined when 
the membrane is examined by transmitted light. But on account of the small size of the animal, these 
spiracula are quite microscopic, and are impossible to distinguish except in a strong light It is barely 
possible that they are apertures through which the spines of the paxilhe protrude (the spines having 
I tern broken •, but this is in no wise probable from their numbers and position. There is not more 
than 1 to an indefinite mesh of the muscular reticulum, but they do not occur in all the meshes. The 
membrane can scarcely be called spongiform, the term used by Sladen in describing B. iryrill<-4hom*tni 
and B. pmiriUntu*, for it is thin and of uniform thickness throughout. Faxilke are fairly numerous 
and are well spaced. Pedicels are long (for genus I, slender, and delicate, springing from delicate 
cruciform plates with long processes. Pedicels on disk ( 1.75 mm. long) are about one-half the length 
<>f spinelets. The latter are relatively long, delicate, glassy, about 8 to 10 to each paxilla of disk, and 
aliout 5 on outer part of ray. They are swollen slightly at base for articulation to tip of pedicel, radiate 
slightly apart, and protrude for the greater part of their length beyond the supradorsal membrane. 
Each spinelet appears to be perforated along its entire length by minute holes, and to be made up of 3 
n-ls coalesced, so that a cro**-section would appear trilobate. 

Cruciform plates, from which the pedicels spring, have remarkably long, slender processes, which 
are usually unequal. There is no tendency for them to become rotund or squamiform. Oscular orifice 
is large. The "valves'* are large, radial in position, the pedicel much enlarged, and expanded at 
the top as in IhjmmaMer. A muscle band joins the crests of the pedicels as a sort of sphincter. Spine- 
let^ many, arranged on the expanded top of the valve pedicel in about 3 series. PapuUe are large, 
fuli, bilobate or trilobate, pulpy sacs, constricted :it the base, few in number, and are situated on 
either side of the ray near the base. Just external to one of the valve ossicles is the small, incon- 
spicuous, madreporic body. Anal opening prominent. 

The ^superomarginar* plates are reduced to 2, which form anarch over the terminal tentacle 
and are armed with a tuft of numerous spinelets. They appear to be smaller, or at least to extend 
not so far orad as in the other 2 species. 

Adambulacral furrows are wide. Tube feet large, in 2 series. Armature of adambulacral plates 
consists of a series of 5, long, slender spinelets, which are invested by an exceedingly delicate mem- 
brane. They are placed along the furrow margin, often somewhat obliquely on account of the 
obliquity of the plate itself. The longest spinelets reach across the furrow. They decrease in length 
toward the aboral end of the series, the outermost being much shorter than the other 4, which are 
not greatly different in length. Segmental apertures are apparently absent, but a flattened, short, 
lanceolate-acuminate spinelet, devoid of any perceptible membrane, stands on the actinal surface of 
the plate, ami is tent outward over the act i no lateral membrane. This spinelet is enlarged on the first 
adambulacral plate, is fiat, thin, and irregularly niultifid. It is lodged in the actinolateral membrane 
just external to the mouth plates, and seems to serve as a support for the membrane. 

The mouth plates are of the H>jmtmi*Ur type. They are prominent actinally and aboral 1 v. 
Armature as follows: • 1 2 slender spinelets on actinal surface of plate near median suture, the outer 
slightly farther from the suture than the inner. '2) On the margin near the suture, 2 slender spine- 
lets, the outer of which is aUmt one-half the length of the inner, which stands in a linear series with, 
and is exactly similar to the innermost actinal spinelet. Two much smaller spinelets stand on a 
slight lateral flange of the plate and are usually directed into the mouth of the ambulacral furrow. 
All the spinelets are tapering and sharp, and the larger, at least, are encased in a delicate membrane 
which is only evident at the tip. 
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Actdnolateral opines rather widely spaced, the fifth or sixth from the mouth plate* being ! • •:&+ 
They extend beyond edge of body. and there are 1> to each side of a ray. Actinolateral m* l. -i? 
transparent, finely and irregularly marked by fibers, much after the manner of the snprad<>r*A :u< 
brane. There is a lateral fringe,, which extend* a short distance beyond the margin of the bud v. 
Color in alcohol, translucent yellowish gray- 
Locality: Station 3824, south coast of Molokai Inland. 222-49S fathoms, coral, broken *hr 
bottom temperature, 49.5°; 1 specimen, type no. 21186, l\ <. National Museum. 

Bnttharttr is an exceedingly rare type, the other 1 species having been dredged by the Ota > v 
BenthoMtr vryrJU-tiiotiuoni was taken in 2,9C*> fathoms in the mid-north Pacific, between Y -»k ■ :-: 
and .San Francisco, near the meridian 170° H, from red clay. B. pmiriUatui came from off the v :- 
coast of Xew Guinea, southwest of the Admiralty Island*. 1.070 fathom?, bine mod. It is *»n^w: 
remarkable, therefore, that the present form ?h<»uld have come from not nearly so great a depth. 

Bmthatirr eritimu* differs in several respects from the 2 other members of the genus. In the :• 
place the nidamental cavity is more spacious, and better developed, as the pedicels of the 1 "• 
paxilbe are rather long, and thus support the supradorsal membrane well above the true ata '.:. 
wall of the body. The membrane appears to t»e plentifully supplied with muscle fibers, whi< h : - 
a sort of reticulum, although they are rather simple in structure. Spiracala are present esp*i~ 
over the region of the bilobate or trilobate, fleshy "papuLe". These spiracnla are said to lea'*-: 
in the 2 other species. The spinelets of pax ilia- are rather fewer in number. Adambulacral am^' •: 
consists of 5 furrow spines and an aperture papilla. lateral fringe is present. Marginal pb:o i 
much reduced and are confined to the extreme tip of the ray. 

Order FORCIPILATA Perrier. 



. etc., Zooi.. t..: xi 



Family ZOROASTER I D.€ Sladen, iK8o. 

Zorrjaaterid* Sladen. Report on the A*teroi<l?a collects! during the Voyage of H. M. 
1**9. p. 416. 

Onu ZOBOASTO WyrilU Th— a oa 

Zf/roattrr Wyrille Thomson, The Depths of the Sea, l?Ca. p. 1M. Type 7j*rwtrr fulijm* Thomson. 

Zoroaster spinulosna, new species. 

PI. xxiv. ft*. 3: pi. xli. Sjc. 2: pi. xlii. ft*-. 5, 6. 

Rayso. R=118mm.; r=ll mm. R = 10.7r. Breadth of ray at base, 12 mm. R=10.6rtoH 
Rays very long and slender, subcylindrical, tapering gradually to a prolonged, finely p»n> 
extremity. Abactinal surface arched, with very evident lateral faces to rays. Edges* of furrow n;:: 
Lrirk small, slightly tumid, center rather higher than the median ridge of rays. Interbrachial an:* 
extremely acute. 

The calcareous skeleton of whole test is composed of roughly diamond-shaped or slightly h'* 
hexagonal plates, all with rounded corners, arranged in perfectly regular longitudinal and tmnr^ 
rows. Median radial series is couii>osed of the largest plates of ray, while those of the disk are lar:* 
of all. Their arrangement < which is to be regarded as of generic rather than specific important L ^ 
follows: Surrounding a scalloped, dorsocentral plate an- 5 radially situated infrabasals of a?-*u r r ' 
same size. An odd plate may be present lietween 1 or 2 pairs of these. Outside of infrabasai- an ;•*> 
interradially placed, much larger, oblong hasals, one of which has the madreporic l>ody at ir> •' 
edge. Outside of and alternating with these are 5 primary radials about the same size as the ^* 
Proceeding outward from each primary radial, along the median line of ray, is a regular loD«'itu J 
series of plates, tumid or tul*rculated, hexagonal in general form, but with each edge of the hexi: ' 
especially that on either side, indented, giving a shield-shaped appearance. On each side of the r.»-u 
series is a parallel ad radial mw of smaller plates which is succeeded by another parallel, s •iw^ 
larger series of plates, slightly tumid, and forming a faint ridge at junction of lateral and at« l ' tlIli 
faces of ray. The edjres of these plates and those of the radial series overlie the adradiafc. Bet*"* 
this manorial series and the adamhulacral plates are 5 additional, perfectly regular, longitudinal * n * 
the plate* of which likewise form regular transverse series with the marginals, there being thu> f > H f * 
to each transverse series beyon.l the adradials. The lower end of the plates of each lateral *H* 
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including the marginal, overlies the upper end of those of the next series below, while the aboral 
edge of each plate underlies the adoral edge of the succeeding plate in a longitudinal series. At base 
of ray most of the lateral series are confined to side of ray, only the lowermost taking any part in the 
actinal surface, but toward the middle of the ray the latter series gradually diminishes in size and 
ends, and the second series is adjacent to the adambulacrals. In outer third of ray second series dies 
out, so that then only 3 series intervene between the marginals and adambulacrals. All of the plates 
are very slightly convex, and the 2 lowermost series are slightly smaller than the 3 upper, all of which 
are a trifle smaller than the (supero-) marginal series. Papulae are in regular rows between successive 
series of plates, single, except near base of ray, where there may be 2 or 3 to a pore. Surface of all 
plates is covered with numerous, delicate, short, papilliform, spinelets, each invested by a thin mem- 
braneous sheath, which is frequently swollen to resemble a slender miniature barley-grain. These 
spinelets are articulated to granular protuberances on the surface of plates, and, though numerous, 
are distinctly spaced. They form a rather coarse nap all over the surface. The medioradial plates 
are submammilated, and surmounted by a short, stumpy, conical spine. In extreme cases there is a 
definite carinate ridge along the medioradial line, each plate being surmounted by 1 to 3 short, cylin- 
drical, blunt spines or tubercles. Superomarginal plates are not prominently mammilated as in the Z. 
diomecUe type. In neighborhood of papulae are small, very inconspicuous, forficiform pedicellarifie 
scattered among the spinelets. They are larger and more numerous at base of rays and on disk. 

The superomarginals, and plates of all intermediate series between them and adambulacrals, each 
bear a delicate central spinule much, longer than the surrounding miliary spinelets. These spinelets 
dimish in size toward adambulacral furrow. They are usually bent upward, appressed to side of ray, 
and are articulated to a granular boss on the plate, being surrounded by a number of miliary spinelets 
and several small pedicellariae. 

Each alternate adambulacral plate is developed into a prominent ridge, which extends into 
furrow, and separates neighboring tube-feet. The other plates do not have such a ridge. Arma- 
ture consists of 4 rather long, cylindrical, tapering spines, 2 directed into furrow and 2 standing on 
actinal surface. On distal half of ray the outer spine is much reduced or wanting. The series is 
disposed in single file along the ridge, and the innermost spinule is rather the most delicate. This is 
usually directed obliquely and adorally toward center of furrow, and bears at its tip a curious mem- 
branous expansion, sometimes subcircular in outline, around the periphery of which are arranged 
5 to 8 small forficiform pedicellaria?, usually graduated in size. These frequently extend down the 
side of the spinule, the largest pedicellarise being nearest the tip. The second spine is also directed 
toward center of furrow, but aborally, and bears on its basal portion a giant forficiform pedicellaria, 
often considerably longer 'than spine itself. Occasionally 2 pedicellarire are borne on the second spine, 
in which case both are smaller than when there is only one. Again, the third spine has a pedicellaria, 
but this is not usually the case. On the outer part of each plate 1 or 2 miliary spinelets and a pedicel- 
laria are usually present. This extra spinelet is always much shorter than the 2 actinal spines. The 
intermediate adambulacral plates bear a mobile, tapering spine on the edge of furrow, about equal in 
length to the third spine of prominent plates. External to this is a much smaller spinule, which 
stands in a longitudinal series with outer spinelets of prominent plates, and near its base is a small 
pedicellaria. Well within the furrow iB a small spinelet, just abactinad from the larger, which, except 
at base of ray, usually bears 1 or 2 small pedicellariss. Occasionally the place of this spinelet may be 
taken by a single pedicellaria. 

Actinostome is deeply depressed, the mouth plates being entirely within the cavity. Their arma- 
ture consists of 3 or 4 robust, slender, slightly flattened spines at each angle. The innermost pedicel- 
larne are very prominent. 

Madreporic body small, with few irregular coarse striations; situated just outside a large interradial 
(basal) plate. Anal opening small, situated just to left of dorsocentral plate. The tube-feet form 4 
close-set rows at base of ray; less obviously 4 on distal half. A prominent plate of one side of the 
furrow is opposite an intermediate of the opposite. 

Variations: The most important variation from the type is that of a full-grown specimen which 
has regularly 5 spines on the prominent adambulacral plates, the third in addition to the second car- 
rying a large pedicellaria. A small spinule in the type forms a fifth member to the series,- but only 
rarely does a pedicellaria occur on the third or inner actinal spine. Another specimen has a very 
prominent median radial series of mammilated plates, each of which is surrounded by 1 to 3 stumpy 
spinelets. In this specimen the superomarginal plates are slightly more prominent than is usual, but 

F.C.B.1903,Pt.8— 22 
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each bears a slender spinule, as in the type. The principal dimensions of the 5 specimens aiva* 
follows: 

Measurements of specimens of Zoroaster spinulosus. 



Station. 


Radius. 


Minor 
radius. 


W J<" b ° f j Proportion 
H bSe ftt o*' toR - 


8892.... 
4007a .. 
4007b . . 
4112.... 
4139. . . . 


mm. 
117 
122 
90 
150 
118 


mm. 
11 
9 

8.5 
10.5 
8.5 


mm. 
12 
10 
10 
12 
10 


1:10.7 
1:13.5 
1:10.6 
1:14.3 
113.8 



Color in life: Abactinal surface buff; actinal surface orange buff to orange within furrow. 

Localities: Type (no. 21187, U. S. National Museum) from station 3892, north coast of Mokkai 
Island, 328-414 fathoms, fine gray sand; bottom temperature, 42.5°. Taken also at 4007, south eoa.»u f 
Kauai Island, 508-557 fathoms, gray sand and foraminifera; 41 12, Kaiwi Channel, between Molokai 
and Oahu islands, 447-433 fathoms, fine sand; 4139, southwest coast of Kauai, 512-339 fathoms, gray 
sand and rocks; 5 specimens in all. 

The rays of this form are much slenderer than in the Z. diomedx group and also longer. TV 
species is particularly characterized by the armature of the adambulacral plates, by the absent* c 
tubercles from the superomarginals, by the presence of 1 slender spinule on each of the suj>er.>njar- 
ginals and on each plate between the latter and the adambulacral series. There are besides numen ■a- 
pedicellariae on the general surface of the body, particularly in the neighborhood of the papular pon?> 

Family HEUASTERID£ Viguier, 1878. 

Heliasterid&B Viguier, Anatomic du 8quelette des Stellerides. < Arch. Zool. Expe>. et Gener. t. vn, 1878. p. 111. 

Genu HELIA8TEB Gray. 
Heliaster Gray, Ann. N. H., aer. 1, vol. vi, 1840, p. 179. Type Atterias hdianthus Lamarck. 

Heliaster multiradiata (Gray). 
Asterias (Heliaster) multiradiata Gray, Ann. N. H., ser. 1, vol. vi, 1840, p. 180. 

This species is reported from the Hawaiian Islands (Sladen, Challenger Asteroidea, p. 556). bat 
was not secured by the Albatross expedition. I seriously doubt the validity of this record, a? th* 
habits of the species are such that it would not easily escape detection. 

Family ASTERIID£ Gray, 1840, emend. 

Asteriidee Gray, 8ynopsis of the Genera and 8pecies of the Class Hypostoma (Asterias Linnaeus). <Ann. N. H.. J^r l 
vol. VI, 1840, p, 178. 

Key to Hawaiian species of Aster i die. 

a. Abactinal spines arranged in 3 definite longitudinal series, large and isolated, bearing thick wreath? 
of pedicellarife. Armature of adambulacral plates consisting of 2 spines. 

(hscinasterias (Distolaslerias) aij>l(>i<i 

aa. Abactinal plating forming a quadrate mesh work. The plates numerous, small, and imbricating by 

their 4 lobes, leaving open spaces through which protrude the single papuhe. Each plat* 

bears 1 to 3 small spinelets of uniform size and several crossed pedicel larne. Armature < ! 

adambulacral plates consisting of either 1 or 2 spines Hydrasttria* verr^ 

Genus C08CIHA8TEBIA8 Verrill. 

Coscinasterias Verrill, Trans. Conn. Acad. vol. 1, pt. 2, 1869, p. 249. Type, C. muriciita^ Astoria* calamaria Gray. 
Stolatterias Sladen, Challenger Asteroidea, 1889, pp.663, 583 (subgenus). 

The genus is here used not in the very restricted sense of Perrier (Exped. Travailleur et Talisman 
Echinod. 1894, p. 108), but as equivalent to the subgenus Stolasterias of Sladen (Challenger AsteroMta. 
1889, pp. 5t>3, 583). It thus includes — besides calamaria — tenuispina, gemmifera, rolscllata, stichmitha, 
evstyla, glacialis, and other similar forms. 

Stolasterias Sladen (type Asterias tenuispina Lamarck) is antedated by Coscinasterias Verrill (type 
Asterias calamaria Gray), and hence becomes a synonym of Coscinasterias as used in this broader sen*. 
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In 1894 Perrier (op. cit.) divided this group into 3 genera: Coscinasterias Verrill (type, calamarui), 
Polyasterias Perrier (type, by inference, tenuispina), Stolasterias Sladen, emended (type, glacialis!) . 
In 1896 « he added another genus, Distolasterias (type, sticliantha Sladen), for the 5- or 6-rayed species, 
with 2 adambulacral spines to a plate. Since Astoria* tenuispina had already been made the type of a 
subgenus, Polyasterias is a synonym pure and simple of Stolasterias Sladen (s. s. ); while glacialis, 
having served as the type of Marthasierias b Jullien, does not need another name. This renaming of 
previously named genera has unnecessarily confused this group of species. Whether we have merely 
a subgenus of Asterias, a genus, or four genera is a matter of opinion. In this paper I have taken the 
middle course, and have regarded Perrier's genera as subgenera of CoscinaMerias. They will, in this 
relation, stand as follows: 

Genus Coscinasterias Verrill, 1869. 

Subgenus Coscinasterias Verrill, 1869; type, Asterias calamaria Gray. 

Subgenus Stolasterias Sladen 1889, restricted; type, Asterias tenuispina Lamarck ( = Polyasterias of 
Perrier) . 

Subgenus Marthasterias Jullien, 1878; type, Asterias glacialis O. F. Muller, subnomine M. foliacea 
( = Stolasterias Perrier nee Sladen ) . 

Subgenus Dixtolasterias Perrier, 1896; type Asterias (Stolasterias) stichantha Sladen. 

Subgenus DISTOLASTERIAS Perrier. 
Mstolasterias Perrier, Kes.Campag.Soi. du Prince du Monaco, fasc. xi, 1896, p. 34. 

Coscinasterias (Distolasterias) euplecta, new species. 

PI. XLI, fig*. 4, 4a-c; PI. xui, figs. 1-4. 

Rays 5. R = 88 mm.; r = 10 mm. R = 8.8 r. Breadth of largest ray at base, 13 mm. Height of 
ray near base, 14-15 mm. 

Rays robust, fairly elongate, tapering to a bluntly pointed extremity; higher than broad, at least 
in proximal two-thirds. In section each ray would be pentagonal, the broadest face being the actinal. 
Sides between ventrolateral and superomarginal spines perpendicular. Either side of the abactinal 
surface slopea upward toward the median radial series of spines. Disk small, lower than the median 
radial line of rays. Rays appear constricted at base, and are further marked off from the disk by a 
sort of transverse sulcus. Abactinal surface of disk convex. Interbrachial arcs very acute. 

The abactinal surface of rays is bounded on either side by a dorsal marginal series of plates, either 
lateral sloping face of the abactinal area being of greater width than the perpendicular sides of the ray. 
Every alternate plate of the superomarginal series bears a single robust, rigid, sharp, conical, fairly 
slender spine, 3 to 4 mm. in length, which is encircled at the base with a prominent cushion or wreath 
of closely packed pedicellarise covered with membrane. The median abactinal line of the ray is 
occupied by a precisely similar longitudinal series of subequal spinules which decrease gradually in 
length toward the tip of the ray, and are also surrounded at the base by a wreath of pedicel laria?. On the 
outer part of the ray the wreaths touch in alcoholic specimens, but on the proximal half they are 
always separated by about 2 mm. In the interval between the median radial and superomarginal 
series of spinelets there may be from 1 to 7 widely separated, exactly similar but smaller spinules, 
each with a basal wreath, disposed in a longitudinal series. On one large ray there are none whatever. 
Papula? large, sac-like, delicate. They extend in a longitudinal series of groups (3 or 4 to 8 in each 
group) on either side of the median radial series of spines, with another similar series just al>ove each 
superomarginal row of spines. A very irregular series occurs scattered between these two, hut there 
are but 2 series of papular " pores" to either side of the abactinal area. There is a central spinule on 
the disk, 2 radial spinules near base of ray, and 1 interradial spinule. There are also 5 irregular 
groups of papulfe between the central and basal plates, and among them are a number of large forfiei- 
fonn pedicellarite. The lateral, perpendicular face of the ray is occupied by a series of papulfe in 
groups of 4 to 6. The general surface of the rays and disk is covered with a thin pulpy and slick but 
tough membrane, marked by numerous irregular, crosswise anastomosing lines of darker color, which 
appear to be very small furrows, possibly sensory in function. 



aContrib. A 1'Etude des Stellerides de 1* Atlantique Nord. <Res. Campng. Sci. du Prince du Monaco, fasc. xi, 1896, p. 34. 
b Marthasterias/oliaeea Jullien, Bull. Soe. Zool. France, 1878, p. 141. Equivalent to Asterias glacialti, according to Sladen 
and Ludwig. 
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The rather crowded inferomarginal plates form the l>onler of the plane actinal surfacf . Fa i 
plate bears 2 spines in a diagonal, crosswise series, the outer spine usually the longer. Buth s> 
flattened, chisel-shaped, and radiate slightly apart. The outer is as long or a trifle longer than rhr 
superomarginal spines, and bears, on the outer side of base, a thick, subglobular cushion of pedi^l- 
larite, which do not in this case form a wreath. Each plate bears also 1 or 2 fairly large, forn>ij< m 
pedicellarke at the base of the spines; the inferomarginal plates form a ventrolateral carination t«» :U 
ray which extends further ventrad than the adambulacral plates. In a sort of shallow groove benr^r 
the 2 is a longitudinal series of large, solitary, bag-like pedicel larise. In the actinal interradial fur- 
row there are 8 to 10 large forficiform pedicellaria?. 

Adambulacral plates are small and crowded. Armature consists of 2 equal, flattened, very sligfcih 
tapering, obtusely tipped spinules nearly as long as the inferomarginal spines but much slender*?. 
The tip is often truncate. Ambulacral furrow crowded with quadriserially arranged tube feet. 

Madreporic body large, 3 mm. in diameter, subcircular, situated near margin. Striations tzr, 
radiating. 

Color in life, rather pale Naples yellow, the arms broadly barred, and the disk mottled, with r :, 
brown madder. A very young specimen is Naples yellow, cadmium at tips of arms. 

Young: Small specimens (R=6 to 23 mm.) which I have considered the young of this specie- 
differ considerably from the adult in general appearance. The rays are not so high, and the abactir^ 
and superomarginal spines are reduced to tubercles on the plates. An intermediate series of abactinaJ 
tubercles extends about one-third the length of the ray. The pedicellarue are few in number and ar* 
scattered over the abactinal and lateral surfaces. The papula? are still single. On the disk there U a 
pentagonal series of tubercles, the primary radials being largest. Inside this apical area are numer a- 
other thimble-shaped tubercles or spinelets. Inferomarginal spines 2, as in adult. Some specimen.- 
with regenerating arms are 6-rayed. 

Localities: Type (no. 21188, U. S. National Museum) from station 3885, adult and young. Paiiok 
channel, between Maui and Molokai islands, 136-148 fathoms, sand and pebbles; bottom temperaturv 
64.8°. Taken also at the following stations: 

Record of localities. 



Station. 


Locality. 


Depth. 


Nature of bottom. 


3835 


South coast of Molokai Island 


I Fathom*. 

. . . ' 169-182 


Fine brown sand, mud. 


3859 


Pailolo channel 


...j 138-140 


Fine sand and mud. 


4045 


West coast of Hawaii Island 


...1 198-147 


Coral sand, foraminifera. 


4062 


Northeast coast of Hawaii Island 


...l 83-113 


Coral, volcanic sand, shells. 


4064 


do 


..J 63-107 
...» 176-49 
...! 143-178 


Do. 


406tf 

4070 


Aleunihana channel, between Hawaii and Maui islands... 
North coast of Maui Island 


Rocky. 

Gray sand, foraminifera. 

Coral sand, shells, foraminifera. 


4100 


Pailolo channel 


...| 130-151 


4101 


do 


. . . 143-122 


Do. 



All these specimens, 31 in number, are immature except those from station 4062. 

This species is most nearly related to Slolasterias emtyln Sladen from the Tristran da Cunha Gnyaj., 
100-150 fathoms, from which it differs in having 2 instead of 3 inferomarginal spines, stouter sliA 
longer adambulacral spines, and a very much less developed intermediate row of spinules hetwerrj 
the superomarginal and medio-radial series. Mr. Sladen states in his description of eiiMyla (Challen-jcT 
Asteroidea, p. 587) that each superomarginal and, by implication, each carinal plate bears a spine. 
In the present species it is each alternate plate. 

Genus HYDRA8TERIA8 Sladen. 

Hpdruttcrias (subgenus of Atteria*) Sladen, Challenger Asteroidea. 18M9, pp. 563, 581. Type Astcria* (HydratttTitu) »(*/<>><;■* 
Sladen. Hydrastcria* Perrier, Exped. Scientif. du Travailleur et du Talisman, Echinodermes, 1894. p. 109. 

Hydrasterias verrilli, new species. 

Rays 5. R=85 mm.; r=ll mm. R=7.7r. Breadth of ray at base, 13 mm. ; greatest breadth, a 
little beyond the base 16.5 mm.; breadth about midway between base and extremity, 10 mm. 

Rays elongate, rather narrow, inflated near base, thence tapering to the pointed extremity: 
depressed near base but distally subcylindrical. Interbrachial arcs very acute, the series of adjacent 
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rays being there pressed together. Disk not elevated above actinal surface of arms, from which it is 
marked off by a slight constriction. 

The abactinal plates are not very regular as to shape, but may be said to be cruciform with short 
rounded processes, by the tips of which adjacent plates imbricate. The median radial series is most 
regular, and can be easily distinguished. The other abactinal plates are often rather irregular, and 
small intermediate ossicles may be interpolated to complete the close mesh work, which forms roundish 
or irregular papular areas, rather smaller than the plates, and containing each 1 or 2 papulae. The 
plates themselves are convex and each bears 1 (less commonly 2 or 3) short, stout, subclavate, bluntly 
pointed spinelet. The spinulation of the disk and rays is the same. In addition, each plate bears 
1-3 spaced, small, broad-tipped, crossed pedicellarise (see pi. xli, fig. 3b). The jaws when viewed 
from the broad side are quite spatulate, and broader than is usual in this type of pedicellarise. 
Sometimes the pedicellarise appear to be attached to the membrane of the papular area. 

Immediately external to the adambulacral plates is a series of much larger, convex, subcordiform 
plates, possibly representing the inferomarginals. Each of these bears, in a transverse slightly oblique 
series, 2 blunt, robust, tapering, often slightly curved spines, much larger than any of the abactinal or 
lateral spinelets, and rather more robust, though not longer, than the adambulacral spines. Occasion- 
ally only one spine is present. At the base of the ray a few plates haVe an accompanying forficiform 
pedicellaria, 4 or 5 times as large as the ordinary forficiform variety, and with rounded denticulate 
tips to the jaws. The superomarginal plates are strongly cruciform, the longest axis being transverse 
and somewhat oblique. In addition to the usual spaced pedicellaria} each plate bears a single spinelet, 
identical in shape, but sometimes a trifle larger than those of the abactinal plates. The whole test is 
overlaid with a thin skin which invests plates, spines, and pedicellarise. The spinelets are quite easily 
broken off. In alcoholic specimens they are movable. In general both spines and pedicellarise appear 
numerous. 

The adambulacral plates are small, short, and band-like, and each bears a cylindrical, untapered, 
often subclavate, blunt spinelet. Relatively few of the plates have 2 subequal spinelets, but 1 is the 
rule. Usually the spinelets are a trifle curved, and some have a curious elbow at the base. Like the 
rest of the test the adambulacral plates and spinelets are invested with thin membrane. Each mouth 
plate has a large forficiform pedicellaria on the actinostomal border adjacent to the enlarged, clavate, 
pointed mouth Bpine. Actinostome small, closed by the two mouth spines of each angle. 

Madreporic body small, convex, situated nearer margin than center. Striations are in the form 
of curved or irregular slits, not continuous lines. Along adcentral border of the body are 6 or 7 spines, 
belonging to the adjacent (basal?) plate. 

Locality: Station 3867, Pailolo Channel, between Molokai and Maui islands, 284 to 290 fathoms, 
fine sand and mud; bottom temperature, 44°; 1 specimen, type no. 21189, U. S. National Museum. 

This is a very distinct, and in one respect, aberrant species of HydraUerias. Both //. ophidum and 
H. richardi are diplacanthid, but II. verrilli usually has only 1 spine to each adambulacral plate. In 
general form the present species resembles ophidion more than richardi (which is probably immature). 
Verrilli differs from ophidion in the following respects: Verrilli has usually but 1 terete, untapered, 
adambulacral spine, ophidion 2, tapered; verrilli has no small forficiform pedicellariae on the furrow 
margin, ophidion has; verrilli has 2 relatively large inferomarginal spines, ophidion 1 small one; verrilli 
has a number of large proximal inferomarginal forficiform pedicellarifc, together with 1 large one on 
each mouth plate, ophidion lacks these. Other differences exist in the form of the abactinal plates, 
spines, and pedicellarire, as well as in the relative size of the spines of the disk and rays. The 
madreporic bodies also are different. Verrilli is not especially closely related to richardi, from which 
it differs considerably in general form and in details of armature. 

This species is named for Prof. A. E. Verrill, of Yale University. 

Family BRIS1NG1D£ G. 0. Sars, 1875. 

Brisingirise, G. O. Sara, On some Remarkable Forms of Animal Life from the Great Deeps off the Norwegian Cams*, 
II.— Researches on the Structure and Affinity of the Genus Brisinga, 1875, p. 101. 

Key to Hawaiian genera of Brmngidte. 

a. Abactinal membrane of disk and basal portion of arms punctured by conspicuous papulie... Omnia 
aa. No papulae present Brisinga 
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Oenui ODIHIA Perrjer. 

(klinia Perrier. Ann. Sci. Nat. (Zool.), t. xix, 1885, p. 9. 

Odinia pacifica, new species. 

PI. xliii, flg. 1; pi. XLVil, flj?s. 1, la-d. 

Rays 17. R = 240 mm. ; r = 13.5 mm. R = 1 7.7 r, approximately. Breadth of ray at ba*e„ 7 um„ : 
at widest part of genital expansion, from 8 to 16 mm.; midway along ray, about 6 mm. Rays unit.- 
at base, by marginal plates, for a distance of 7 to 8 mm. from margin of disk. 

Rays elongate, slender, fairly narrow at base; often swollen considerably just beyond the -u^ 
into a prominent ovarial inflation, the tumidity of which is greatest abactinally. In some c&ses tr> 
swelling is nearly absent, but in others it is very prominent, resembling a big gall. The latter ..- 
probably artificial, having been produced when the creature was thrust into alcohol. Beyond :L> 
portion the ray is very slender and gradually tapering, the ambulacral ridge being clearly \i-il.l. 
through the thin abactinal membrane. Ray is roughly equilaterally triangular in section, the <vrners. 
of course, being well rounded. 

Disk of fair size, circular, with rather high sides, so that abactinal surface, which is slightly o*l- 
cave, is raised above base of rays. Margin rounded. Abactinal surface and sides covered with ratLr- 
robust, irregular plates, close-set, in the integument. Plates scattered in central portion of di>L 
Between the plates are large jmpular pores. Papula? single (one to a pore ), large, vermiform, nuiner* »u... 
Plates irregularly convex abactinally, and surmounted by 1 to 3 short, round-tipped, untai^rt*! 
spinelets (0.50-1 mm. long). Scattered among these are numerous minute, crossed pedicellarbe. Tbr 
spinelets are so small that they give scarcely more than a roughened appearance. They are longer «.i 
the sides of the disk, but there do not exceed 1 mm. in length. Numerous spinelets bear several ■ : 
the microscopic pedieeliaria? on their sides. Genital region, at base of ray, covered with thin tuvio- 
brane under which are various sized, very irregular, small, loosely imbricating plates, which incre&t 
in size as they recede from disk, the largest plates being in outer part of genital region. Between thf 
plates issue numerous single and generally distributed papula?. The genital region is crossed by rath -r 
irregular bands of small imbricating ossicles, which are more prominent than those just nienti *i^i. 
These cross ribs are about 5 mm. apart and there are al>out 6 or 7 of them. They bear a few scatitTe»i 
slender needle-like spinules. On proximal third of the inflatable portion of genital region the l*ai*. - 
are usually very irregular or interrupted; the plates are generally less prominent, and spines are iW 
and irregularly distributed, there being none on sides of ray. On the more prominent parts of each 
rib, in the mid-genital region, are 5 very slender spinules on either side, and 2 or 3 others in the niu,- 
dorsal region shorter than the rest. The 3 lateralmost spinules are much the longest (4 to 5 iiuh.i. 
All are covered with membrane beset with numerous minute, crossed j>edicellaria?. (Usually at**,: 
half the spinules have lost the membrane entirely.) Membrane between the spiniferous rib? cln>rly 
beset with minute pedicellarite like those of disk and spines. These, in fact, extend the whole leneih 
of ray, and upon the adambulacral plates. Beyond, or distally from the genital region, the alactinal 
surface of ray is covered with thin translucent membrane l>eset with very numerous, scattered mi«/r- 
scopic, cross jralicellariie, which often show a tendency to collect in irregular clusters or hum ht^ 
The transverse ribs of the genital region are here represented by prominent lateral keel- like ri.k't*, 
consisting of 5 plates fused together. The missing dorsal portion between two ridges of either *:.Ie ? 
i. e., that portion which would complete the transverse rib, is reduced to an indistinct line of ru-ll- 
mentary plates, only visible when the membrane is quite dry. The lateral ridges are often :v t 
exactly opposite on 2 sides of a ray. They are 5 or 6 mm. aj>art. Just beyond ovarial region. ea»-h 
bears 5 lateral spines, which are quickly reduced to 4, and on outer half of ray there are but 3. Ti> 
outer spine, that next to adambulacral plate, is usually longest (8 to 9 mm.), the other two nearly *> 
long. The fourth or fifth when present is considerably shorter. These spines are thickly invest? i 
with a membraneous sheath, the end of which is often expanded into a flap. Rays are uniteil.it 
their base by lateral and adambulacral plates for about 7 or 8 mm. from disk. Beyond interbrachv. 
angle the lateral or marginal plates may be seen for 15 mm., l>eyond which point they are ot.lv 
evident at the bases of the ribs and lateral ridges. 

Adambulacral plates fairly prominent, forming a rounded margin to the wide furrow. Viewed 
from the actinal side they are broader than long (length 1 mm. approximately). At base of ray 
height of plate as seen from side is about 2 mm. Interspaces or sutures between plates broad. Arm* 
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tare consists of a single large, perpendicular spine, which at about the middle of the genital inflation 
measures 4 to 4.5 mm. in length. Base of spine is cylindrical or very slightly tapering, but the distal 
half is compressed and the tip truncate, often slightly flaring. Sometimes a groove runs along outer 
part of spines; or two parallel grooves are present. Less commonly the tip is bifid for a millimeter. 
Beyond genital inflation the spines rapidly become much slenderer and tapering, the chisel-like 
character being lost; and on the outer half of ray they are quite delicate and about 2.25 to 2.5 mm. 
long. The outer side of large spines is covered by membrane, beset with numerous microscopic pedi- 
cellariee, which are also present on outer face of the adambulacral plates. Furrow side of both spines 
and plates is devoid of pedicellarise. The smaller spines bear a flap of membrane beset with numerous 
pedicellarite. 

Actinostome wide, its diameter 15 to 18 mm. (diameter of disks 27 to 30 mm.). Peristomial 
membrane thin, semi transparent. Mouth plates with lateral process extending across' mouth of 
ambulacral furrow and meeting a similar expansion from the opposite plate, thus roofing over the 
proximal end of the radial nerve. The two processes, which are at the inner end of their respective 
plates, sometimes, but not usually, ankylose. A small spinelet is borne on the end of this lateral 
process. Three other subequal, short, round-tipped mouth spinelets are present on the free (actino- 
stomial) margin of each plate, the inner at a distance nearly equal to its own length from the median 
sutural line. All bear near the tip a small tuft of minute pedicellarise attached to an insignificant 
membrane. On actinal surface at aboral end of plate is a single spinelet similar to but a trifle larger 
than the marginal spinelets. The furrow margin of each mouth plate is deeply excavated to accom- 
modate the first pair of tube feet. 

Madreporic body rather small, subtubercular, situated on the rounded margin of the disk. Stri- 
ations few, coarse, radiating. 

Color in life, yellowish pink. 

Localities: Type (no. 21190, U. S. National Museum) from station 3828, south coast of Molokai 
Island, 319 to 281 fathoms, broken shells and gravel; bottom temperature, 43.8° F. Taken also at 
station 3992, vicinity of Kauai Island, 528 fathoms (approximately), fine gray sand and mud; bottom 
temperature, 39.6° F.; 2 specimens in all. 

There are four other known species of this genus, all from the Atlantic: Odinia elegans Perrier, 
0. robusia Perrier, and O. semicoronata Perrier from off the coast of Morocco, and 0. pandina Sladen 
from the Faroe Channel. 0. pacifica is thus the first member of the genus to be taken in the Pacific 
Ocean. It approaches, most nearly, O. pandina and 0. robusta, but is less spiny than either of these 
forms, although quite as large. The skeleton of the basal portion of arms and disk is well developed. 

The depth given for the second station at which this species was captured is probably too great. 
The trawl encountered a soft, muddy bottom, and it was estimated that the net was dragged at depths 
between 500 and 400 fathoms. 

Genus BBI8IKOA Aabj^rnflen. 
Britinga Asbj0rnsen, Fauna Litt. Norvegiae, 1856, Andet Hef te, p. 95. Type BrUinga endecacnemos Aabjemaen. 

Key to Hawaiian species of Brisinga. 

a. Adambulacral armature prominent, crowded. Lateral spines stout and long. 
6. Rays 14. Disk large; annular ridges very numerous, close together; 2 or 3 prominent actinal 

adambulacral spines paiwpla 

bb. Rays 9. Disk small ; annular ridges not so numerous, or close together alberti 

aa. Adambulacral armature much less crowded. 

- b. Rays 15. Size large; disk large; annular ridges not very numerous, nor close together 

- evermanni 

bb. Rays 10. Disk rather small, thin. Rays delicate, spines weak. Annular ridges rather close 
together, numerous and prominent. Prickles absent from abactinal membrane of rays. 

frapiiis 
Brisinga panopla, new species. 

PI. XLIII, fig. 3; pi. XLIV; pi. XLV, fig. 3; pi. XLVII, figs. 2, 2a-f. 

Rays 14. R = 235 mm., approximately; r = 13 mm. R = 18 r approximately. Depth of disk, 
7 mm. ; breadth of ray at base, 7 mm. ; breadth at widest part of genital inflation, about 10 mm. ; at 
middle of ray, 6 mm. 
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Rays very long and rather narrow. Genital inflation extensive though not prominent. Th«* 
genital region extends to about two-fifths or one-half the length of ray. Ray subcylindrical at haee, 
very gradually and but slightly widening along the genital inflation; then even more gradually taper- 
ing to the long, very attenuate extremity. Slightly to markedly depressed on basal region; subtrian- 
gular beyond genital region, with a broad median ambulacral ridge, due to the collapsing of thU 
abactinal membrane on the ambulacral ridge. Disk large. Lateral arm-spines long and rigid. I»i-k 
rather large, subdepressed, but the abactinal surface raised above base of rays, the margin >»eing 
rounded. Abactinal membrane thin, closely beset with delicate, small, sharp, distinctly spaced 
prickles about 0.5 mm. in length. Scattered among the prickles are comparatively few microscopic 
pedicellarite, together with almost exactly similar but very much larger pedicellarise. The two dis- 
tinct sizes are very characteristic of this species, the larger not being found in the three follow in? 
forms. Inter radial plates inconspicuous, with several small tubercles. The abactinal membrane if 
rays is thin and translucent. The inner part of ray is crossed by numerous (35 to 49) transversa . 
annular ridges, rather closely placed, which extend 10 to 20 mm. beyond the limits of gonads. The>» 
ridges are flexuous and often very irregular. They are placed opposite, or correspond to each adambu 
lacral plate (beyond the eighth), although occasionally a plate will be skipped. Frequently 2 or more 
neighboring ridges are joined near the radial line, and thence prolonged to the opposite side as a single 
ridge, corresponding to what would ordinarily be the interspace. The ridges are narrow but promi- 
nent, and are composed of many elongated ossicles imbricated end to end, the sutures between whirl: 
are clearly distinguishable when a ray is dried. Along top of ridge are numerous small, spaced, sharp 
prickles. The thin membrane investing the ridge is covered with microscopic pedicellariie. Between 
the annular ridges the abactinal membrane bears illy defined, transverse bands of minute pedicellariu . 
which conform to the course of the adjacent ridges. Among these minute pediceilaria* (which do not 
form prominent saccular bands) are numerous much larger pedicellaria?, especially abundant on tfc-- 
sides of ray. Near base of ray the integument bears numerous scattered prickles of small size. 
Beyond genital region abactinal membrane is thickly sprinkled with pedicellarise, on some rays clus- 
tered into well-defined transverse bands. Only the smaller size is present on the outer attenuate 
portion of the ray. 

Ambulacral furrow fairly wide. Adambulacral plates short (2 mm. in middle of genital region. 
1.25 mm. at base of ray). They are higher than long in basal half of genital region, but gradually 
become lower distad. Each ossicle is slightly concave toward the middle, so that the whole series 
might be roughly likened to the vertebral column of a bony fish. Armature has appearance of beinp 
crowded, and can l>e better understood from the figure than from description. At aboral end of each 
plate is a slender, delicate spinelet 2 mm. in length, directed across furrow, reaching and often 
touching its neighbor of opposite side. External to this, on aboral edge of plate, is an oblique trans- 
verse series of 2 or 3 spines, 2 on some plates, 3 on others, these two numbers often but not always 
alternating. When there are 3 spines (4 counting the furrow spinelet) that next to the furrow spinels 
(near base of ray, at least) is delicate, about equal in length to the former and likewise directed across 
furrow, but farther along the ray it becomes larger and upright. This spinule is absent from tht*s** 
plates which have only 2 actinal spines. The next two spines are the same on all the plates. The inn* r 
is about 4 to 4.5 mm. long, sharp, slender, and upright. The outermost is fully twice as long (9 mm. 
in middle of genital region, even 10 mm. on some arms) and the base occupies the greater jiart of 
actinal surface of its plate. This spine is sharp, slender, and tapering, and like the others, is invested 
by a thin membrane extending beyond the tip in a short vermiform flap, the whole length of the spine 
being closely beset with minute pedicellarite. The other 2 or 3 actinal spines are crowded at the tips 
and to a less extent along their length with the larger pedicellaria 1 also. Near adoral margin of plate 
in a longitudinal line with the innermost actinal spine (the one which is frequently absent) is a deli- 
cate spinelet, shorter than the furrow spinelet, directed upwards or backwards, and like it beset with 
a cluster of the larger pedicellarifc. Actinal and lateral faces of adambulacral plates covered with 
scattered pedicellarite of the two sizes, all of them being very deciduous. As is usual in this family, 
the spines are characterized by rather prominent longitudinal ridges or flutings, which are especially 
marked in the largest actinal spines. The series of the latter gradually shortens toward the base of 
the ray, and at fifteenth adambulacral plate they begin to become truncate. From here they rapidly 
shorten, while the tip becomes broader and flaring, and is marked by numerous papilla 1 , while the 
lateral flutings of the stem end in similar peripheral papilhe on the crown. These spines are nut 
precisely square-tipped, but are cut obliquely so that the summit slopes toward the furrow. 
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The lateral spines begin at about thirteenth or fourteenth adambulacral plates, and are articulated 
to lateral plates at the extreme ends of the transverse annular ridges. Consequently the lateral spines 
are opposite nearly all of the adambulacral plates, to a dorsolateral process of which they superficially 
appear to be articulated. Beyond genital region and annular ridges the lateral spines continue as 
closely spaced for a while, but on the outer third or fourth of ray they are opposite every alternate 
adambulacral plate, with a few irregularities. Lateral spines are long throughout ray, but longest at 
about the middle (11-12 mm.). They are covered with membrane beset with minute pedicellariae. 
Between the first lateral spine and the disk are about 10 to 12 lateral plates, free from the adjacent 
adambnlacrals, and irregular as to position and shape. 

Actinostome large, measuring 18 mm. across. Mouth plates inconspicuous, excavated on the 
margin toward furrow, and with a lateral prolongation extending into mouth of ambulacral furrow. 
Armature consists of a delicate spinelet about 1.75 mm. in length situated on margin toward actinos 
stome, and another similar but stouter spinelet on tip of the lateral prolongation and directed across 
furrow. Both have a thin membranous investment expanded at end and covered with minute 
pedicellariae (smaller size. ). On actinal surface, near outer end of each plate, is a stout pointed spine 
about 4 to 5 mm. in length, invested in a membranous sheath which is continued beyond the tip as 
a long vermiform sacculus covered with microscopic pedicellariae. The spines of companion plate- 
stand close together and are directed over actinostome. They are the representatives of the truncate 
spines of the following adambulacral plates, the first 5 or 6 of these having long saccular prolongations 
at the tips. At base of large actinal mouth spine are 2 slender spinelets, one (2 mm. in length) being 
longer than the other. Both are directed across the furrow and bear pedicellariae. 

Madreporic body small, sub- tubercular, situated on the margin of the disk. 

Color in life, salmon pink, yellowish in tone; in alcohol, bleached ashy. 

Variations: A specimen (one arm) from 4178 has quite definite abactinal saccular cross bands of 
pedicellariae, more prominent than in type, beyond the genital region. A specimen from 3828 is 
remarkable in having a dorso-lateral line of ossicles, on either side of the ray about 4 or 5 mm. above 
the upper margin of the adambulacral plates, which extends nearly to the extremity of the genital 
region. This series of ossicles crosses and connects consecutive transverse annular ridges. On one 
ray these are absent. There is no disk preserved, and the specimen is otherwise badly mutilated, but 
appears fairly typical except in the character just cited. 

Localities: Type (no. 21191, U. S. National Museum) from station 4177, vicinity of Niihau Island, 
451-319 fathoms, gray sand and globigerina; bottom temperature 41°. Taken also at station 4178, 
319-378 fathoms, coral sand, rocks, and pebbles (same locality); station 3828, south coast of Molokai 
Island, 319-281 fathoms, broken shells and gravel; station 3992, vicinity of Kauai Island, 528 (approxi- 
mately) fathoms, fine gray sand and mud; 4 specimens in all. 

This species is quite distinct from any other Hawaiian form, and is characterized by the numerous 
annular ridges of the arms and by the almost entire absence of prickles from the abactinal membrane. 
The armature of the adambulacral and mouth plates, figured in detail, will also furnish additional 
characters. As compared with the following species, the disk is much larger, the rays more numerous, 
the annular ridges more numerous, and practically every detail of armature different, as shown by the 
accompanying figures. Brmnga paiwpla shows relationship with B. muliicotfata Verrill, and B. 
crieophora Sladen, both from the Atlantic, but differs from these species in the details of its structure. 

Brisinga alberti, new species. 
PI. xlv, figs, 1,2; pl.XLVi, figs. 2, 3; pl.XLVii,flg.4, 4a; pl.XLViii,%8.1,la-c. 

Rays 9. R=230+mm.; r=ll mm. R=about 23 r. Breadth of ray at base, 6-7 mm.; at widest 
part of genital inflation, 8.5 mm.; at middle of ray, 5.5 mm. 

Rays lone and rather narrow, depressed in genital region, which is only very slightly inflated, and 
which extends about half the total length of ray. Ray gently tapering to an elongate and extremely 
attenuate extremity. Beyond genital region it is subtriangular in section, with a broad truncate 
median cari nation, due to the collapsing of thin abactinal membrane on the ambulacral ridge. Disk 
small. Lateral spines very long. Disk much smaller than that of B.*panopla, depressed, the abactinal 
surface being on a level with base of rays. Abactinal membrane rather thin and densely crowded 
with small, sharp, tapering, delicate, skin-covered spinelets, 0.75 mm. in length. These are thickest 
and stoutest in center of disk. Membrane covering plates and spinelets hears scattered microscopic 
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crossed pedicellaria?. Interradial plate is conspicuous, confined to lateral wall of disk. Abactii^ 
membrane of rays thin and translucent. Basal half of each ray crossed by 25 to 32 tran- ver*e, 
annular ridges, equidistantly placed, and not nearly so close together as in B. panopta. These ridut*. 
which begin at the very base of ray, are narrow, prominent, and irregular. They are j»la»-»-«L 
roughly speaking, opposite alternate adambulacral plates, although there are irregularities in tl.^ 
respect. Occasionally 2 or more neighboring ridges are joined irregularly in the median radial Ihe 
and variously prolonged to opposite side as a single ridge or as 2 ridges. These annular ridges, a.- in 
other members of the genus, are composed of slender ossicles, imbricated end to end, which l*ar 
rather widely separated prickles and microscopic pediceilarise. Membrane between ridges is U-sr 
with minute prickles, quite numerous at base of ray, but gradually disappearing until they arv 
practically absent beyond middle of genital region. Besides these, there are transverse band* of 
microscopic pedieellariee, more or less interrupted on the median radial line. On outer part of ray, 
beyond genital region, the pedioellariaa may be scattered, or gathered into more or less definite 
transverse bands. 

Ambulacra! furrow fairly wide. Adambulacral plates short and low in genital region (about 2 mm. 
long) . They are longer than high, about as broad as long, and are'sharply concave toward the cen- 
ter, as in other species of the genus. Armature recalls that of the preceding species in general feature-. 
Furrow spinelets are 2, delicate, slender, the aboral situated on the aboral margin of plate, well within 
furrow; the adoral, very near but not exactly on the adoral edge, slightly more actinad than the alwral 
spinelet. Aboral spinelet measures about 2 mm. in length, but on outer part of ray becomes slightly 
longer. Near base of ray adoral spinelet equals the aboral in length, or is slightly longer (3 mm. ,, 
but distad is somewhat shorter. Barely a second and shorter spinelet is placed just above the adoral 
in furrow. All these are sheathed in membrane, which sometimes extends beyond the tip and is 
covered with microscopic pedicellaria?. On alternate plates (or less often) the aboral furrow spinel**: 
is lacking. Actinal spines 2, in a slightly oblique transverse series along aboral margin of plate in a 
line with the aboral furrow spinelet (when that is present) . In basal portion of some rays there may 
be 3 actinal adambulacral spines. * The inner spine, which is much smaller than outer, measures al*>c: 
5 mm. in length in mid-genital region. The outer spine, articulated to a slight boss on plate, is &len<UT 
and needle-like and attains a length of 15 or 16 mm. at outer part of genital region. Both spine* are 
invested in membrane, which is prolonged beyond the tip and is closely crowded with mieroso«»pie 
pedicellaria?. Beyond genital region the adambulacral plates are longer and slenderer. There are 
usually 2 furrow spines, the aboral the longer, and but 1 actinal spine. On plates adjacent to whi«*h 
there is a long lateral spine (usually alternate plates), this actinal spine (which represents the outer 
long spine of the basal region of ray) is shorter (about 4-8 mm., according to }x>sition) ;. but on alter- 
nate plates (between lateral spines) it is very long and slender (9-14 mm., according to position •. 
Eight or 9 of the outer actinal spines at base of rays are peculiarly modified, as in B. panopla, B. cn- 
cophora, and B. multicostata. These spines are short (4-8 mm.) and robust, with fluted sides and an 
expanded, truncate, papillose summit, somewhat resembling a composite flower. They decrease in 
length toward the actinostome, the first 1 or 2 spines being usually clavate, acute. In the other direc- 
tion they pass insensibly into the slender pointed variety. Actinal and lateral surfaces of adambu- 
lacral plates are covered with scattered pedicellaria*. 

Lateral spines begin at about the eighth or tenth adambulacral plate and are articulated to lower- 
most plate of the annular ridges. These lateral plates are at first free from the adambulacrals, but on 
the outer half of the rays appear to be firmly fused thereto. At base of ray the lateral spines are about 
8 mm. long and gradually increase in length until, in the mid-genital region, they are 15 mm. lorn;. 
This length is kept up to very near the tip of ray, when they abruptly shorten. Lateral spines are 
invented with a membranous sheath extending beyond tip in a short vermiform sacculus and cl«*ely 
beset with microscopic pedicellaria?. The rays are united at base by first lateral plate of either ray. 
These are rather massive and are articulated also, in the direction the disk, to the interradial plate, 
which forms an elbow projecting outward slightly in* the interradial angle at a level with the lateral 
plates. Lateral plates in basal part of genital region few and irregular as to form and arrangement 

Actinostome not so large in proportion to disk as in the preceding species (about 11 mm.}. 
Mouth plates deeply excavated on margin toward furrow (hour-gfass shaped). There is the usual 
prolongation, which is not so pronounced as in some sj>ecies, extending from inner furrow corner o/ 
plate into the mouth of furrow. Spines numerous. Armature as follows: (1) A short, slender spinelet 
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{ 1.5-2 mm. long; on margin toward actinoetome and near median suture; a similar spinelet on the 
lateral prolongation, pointed over farrow. Both bear numerous microscopic pedicel larine. (2) Along 
actinal face of plate a curved longitudinal row of 4 tapering spines and spinules extending outward 
from the inner marginal spine. The third from the outer end is longest (4 mm. ), and thence they 
diminish in length toward either end of series. All are invested with membrane and bear the usual 
microscopic pedicellaria?. Usually these spines stand erect, but occasionally the outermost is directed 
over the furrow. 

Madreporic body circular, subtubercular, 2 mm. in diameter, and situated at the edge of the disk 
on curvature uniting lateral and abactinal surfaces. It is situated on the upper arm of the interradial 
plate, which is more prominent than the others, and is covered densely with spinelets like those of 
remainder of abactinal surface. 

Color bleached ashy in alcohol; probably salmon pink or red in life. The writer does not 
recollect any member of this family taken during the Hawaiian cruise which departed from this tint 
No color is recorded for this species, however. 

Variations: A specimen from 3992 has, at base of ray, a third furrow spinelet situated just aborally 
to the usual adoral spinelet, and less commonly there may be a group of 3 in this position. Similarly 
there may be 2 aboral furrow spinelets, one situated above the other. The aboral spinelet, which is 
often typically absent on alternate plates, seems very seldom lacking in this specimen. On the outer 
part of ray the armature is arranged like that of, type, although rarely 2 adoral furrow spinelets are 
present. In other respects this specimen is fairly typical and does not appear to be a different species. 

Localities: Type (no. 21192, U. S. National Museum) from station 4177, vicinity of Niihau Island, 
451-319 fathoms, gray sand and globigerina; bottom temperature, 41°; 4 specimens. Taken also at 
station 3992, vicinity of Kauai Island, between 400 and 500 fathoms; fragments. 

This species is characterized by its small disk, extensive genital region, with rather widely 
separated genital costse; by the very long lateral and actinal adambulacral spines, and by the armature 
of the adambulacral and mouth plates. It is a constantly 9- rayed form, and presents some resem- 
blances to B. cricophora Sladen from 390 fathoms, northwest of St. Thomas, Virgin Islands. It is, 
however, widely different from this form in its much smaller disk, fewer rays (11 in cricophora), and 
in the details of its armature. While B. allterii resembles the preceding species in the more general 
features of the adambulacral armature, it is at once separable on account of its smaller disk, fewer 
rays, fewer and more widely separated genital cosUe, and numerous other details shown in the 
accompanying figures. 

Named for my father,, Dr. All>ert K. Fisher. 

Briainga evermanni, new species. 

PI. xliii, fig. 2; pi. XLV, fig. 4; pi. XLYH, fig. 3; pi. xlviii, figs. 2, 2a-c. 

Rays 15. R = at least 270 mm. (ray-tip gone) ; r = 15 mm. R=about 18 r. Breadth of ray at 
base, 6 mm.; at widest part of genital inflation (70 mm. from disk) 8 or 9 mm.; at distal limit of 
genital region (100 mm. from disk) 6 mm. 

Rays long and slender and somewhat contracted at base. Thence they widen quickly but evenly 
into the slightly inflated genital region, which is depressed when the ray is straight. Genital region 
maintains a fairly uniform width nearly to its distal limit, when ray gradually and evenly begins to 
taper toward the long and attenuate extremity. Portion beyond genital region is more or less 
depressed in its proximal fourth, but is marked by the usual truncate carination of ambulacral ridge 
on its outer three-fourths. Disk large. Costal ridges of arms rather widely separated. Lateral spines 
long. 

The disk, which is large, has been somewhat mutilated, but its essential characters remain intact. 
Abactinal surface is raised but slightly above the bases of arms, and is beset with very short, sharp 
prickles, distinctly spaced but closely set. Each prickle is invested with a thick membranous sheath, 
so that it appears papilliform. Around bases of prickles are numerous crossed pedicel larite. Each 
spinelet is borne on a slight boss of its plate, and near the border of disk where prickles are shorter 
each of these slight tubercles may bear a group of 2 or 3 prickles. Surrounding anal opening is a com- 
pact group of stout, tapering, sharp spinules, the longest 2 mm. in length and all membrane-invested. 
Some of the papilla? of general surface appear truncate, especially toward center of disk, but the 
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microscopic pedicellarhe, which are attached to a thin membranous investment often expanded into 
a flap at tip. 

Madreporic body small and sub-tubercular, situated near margin of disk, at inner edge of 
interradial plate. 

Color in alcohol yellowish white; in life very probably salmon-red or pink. 

Ixxality: Type (no. 21193, U. S. National Museum) from station 3992, vicinity of Kauai Island, 
between 400 and 500 fathoms, fine gray sand and mud, bottom temperature 39.6°; 1 specimen. 

This species is characterized by the large disk, 15 rays, well spaced and well developed genital 
cosfce, which are fairly regular and about 35 in number; by the absence of prickles from the integu- 
ment, except at very base of arms; by the armature of the adambulacral olates and of the mouth nlates. 

Named for Dr. Barton Warren Evermann. 

Briainga fragilia, new species. 
PI. xlyi, fig. 1; pi. ilvtii, figs. 3, 3a -c. 

A constantly I0-rayed species; smaller than any of the preceding Brisingas, and with less conspicu- 
ous spines. Some of the characters, especially the armature of the adambulacral plates, are subject to 
considerable variation. The specimens can be divided into about 5 groups, on account of certain small 
differences which are certainly not specific in character. The group with the largest number of 
specimens has been considered the typical form, and the others are referred to in the following 
description as " variation a, 6, c, and rf," merely as a method of systematizing the diagnosis. 

R=171 mm. ; r=7.5 mm. R=23 r. Breadth of ray at base 4 mm. ; at widest part of genital region 
(40 mm. from disk) 7 mm.; at last annular ridge 4.5 mm. 

Rays long and slender, rather more inflated in the genital region (which is often quite depressed) 
than are those of the preceding species. Rays very narrow at base and loosely articulated to disk. 
They gradually expand in genital region, the widest part being about one-fourth distance from base 
to tip. Outer part very gradually tapering to an attenuate extremity. Annular ridges extend about 
one-half length of ray, and beyond them the integument is exceedingly thin and delicate. Annular 
ridges narrow and very prominent Integument of arms devoid of prickles. Disk small. Lateral spine 
delicate, shorter than in preceding species. 

Disk small and depressed, the abactinal surface being about even with base of arms. Integument 
crowded with small, illy defined, roundish, subtubercular plates, surmounted by one or two spiculiform 
spinelets, quite small and covered with thin membrane. Around base of each of these spinelets are 
scattered a few minute pedicellariae. The plates are more crowded about the eccentric anal opening, 
the spinelets immediately surrounding which are larger than the rest. Each spinelet appears to end 
in 2 or 3 minute points. Interradial plate small. Closely united with it are the proximal marginal 
plates of either adjacent ray, the three plates forming a rude letter Y reversed. The upper, unpaired 
bar represents the interradial plate, and the diverging arms the marginals, set at a lower level and 
closely fused with the interradial. The outer ends of the 2 diverging bars form a double condyle for 
articulation with the second marginal plate of each ray. The three plates appear superficially as one, 
and their exposed surface is slightly concave and wholly devoid of spinelets. 

Abactinal membrane of rays thin and translucent and entirely free from integumentary prickles. 
Basal half of ray is crossed by from 24 to 28 annular carinations or calcareous ridges, rather thin but 
prominent. Even in the same specimen there is considerable difference in the number of ridges on 
the several rays. What might be called primary costee are usually opposite each alternate adam- 
bulacral plate; but on arms with more than the usual number of costee the ridges may be opposite 
2 or 3 consecutive plates, then skip one, and so on. In addition to the 24 to 28 ridges, which extend 
completely from side to side of ray, there may be an inconspicuous rudimentary ridge between them 
on the median line, and not reaching the adambulacral plates of either side. These incomplete ridges, 
which are usually quite short, do not have any regularity of occurrence. On some rays they are 
totally absent; on others there is one for about every third intercostal space. Occasionally a primary 
ridge does not extend wholly across the ray, and all are rather irregularly sinuous in the median line. 
The plates which compose the annular ridges are compressed, and bear along the keel-like summit 
distinctly spaced, spiculiform spinelets with swollen bases and very sharp points. There are numerous 
microscopic pedicellarne, also, along sides of these ossicles. Membrane l>etween ridges bears one or 
two narrow transverse bands of microscopic pedicellaria?. These bands are continued beyond the 
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costal region, one opposite each adambalacral plate, throughout ray. Variation d: One specimen from 
station 4131 has more numerous annular ridges, 35 to 40. The difference is solely due to the grea>r 
number and prominence of the secondary ridges, which practically occur in each intercostal space, an.! 
reach nearly or quite to the adambulacral plates. They differ from the primary ridges in that there 
is no larger (infero-) marginal plate joining the slender ossicles with the corresponding adambulacral 
plate. The secondary ridges are therefore never fused with the adambulacral plates, a small free 
space always intervening. Variations a and b: Secondary cosfce very few and rudimentary. Ban*!* 
of pedicellariae in intercostal spaces are prominent and saccular, and the ridges are also invested in a 
soft membrane covered with minute pedicellariae. Primary costa?, 18 to 26. 

Ambulacral furrow wide and shallow. Adambulacral plates (1.5 to 2 mm. in length) are about 
twice as long as wide (in the middle) and rather more than twice as long as high (seen from side.. 
Plates constricted in middle, but especially concave on the furrow face. Armature, especially the 
furrow spinelets, somewhat variable in arrangement and number. The typical form will be finr. 
described, and then the several variations. Armature in type and similar specimens is simplest of ah. 
There is but one furrow spinelet situated near the adoral end of the plate, except on the 6 to li J 
proximal plates, where an exactly similar spinelet is present on the extreme aboral end. Ik»th 
spinelets, which are directed across the furrow, are about 1 to 1.25 mm. in length, are invested in a very 
thin membranous sheath expanded at the tip, and there covered with microscopic pediceilaria\ l>< 
the actinal surface, rather nearer to the aboral edge than to the center of the plate, is a delicate and 
fragile spinule about 4 mm. in length, invested in a delicate membrane on which are microecopk 
pedicellariae. This spinule is more delicate than is usual in this genus for the principal adambulacral 
spine. On account of their extreme fragility, nearly all of these spines are broken in the type series. 
Variation a: On the proximal 12 or 15 plates (basal fifth of ray) there are 2 adoral furrow spinelets, 
1 right above and slightly aborally from the other, and 1 aboral spinelet as in the type. Rarely 
there are 3 adoral spinelets at the very base of the ray. On the next few plates, about the fifteenth to 
twentieth, the aboral spinelet is missing. On the outer three-fourths of the ray the furrow armatcre 
is that of the type — 1 adoral spinelet. The actinal spine is a trifle stouter and longer than the other 
specimens (7 mm. in mid-genital region). (1 specimen, station 3817.) Variation b: Resembling a, 
proximal plates with 3 furrow spinelets, 2 adoral and 1 aboral. The succeeding 2 or 3 plates lack 
the aboral spinelet. Outer half of ray as in type. Actinal spine as in type, not so stout or prominent 
as in a. On some rays the aboral spinelet extends nearly to middle of ray, and the 2 or 3 succeeding 
plates may have only 1 adoral and 1 aboral spinelet. (2 specimens, stations 3892, 4041.) Variation «-.• 
This is near the typical form, the only difference being that the plates with 1 adoral and 1 aN»ral 
spinelet extend about one-third the length of the ray instead of being confined to its immediate base. 
(2 specimens, stations 3914, 4096.) Variation d: Multicostate form with rather stouter actinal spine* 
than type. Furrow armature is practically the same as type, except that occasionally on basal third 
of ray there will be 2 instead of 1 adoral spinelet. ( 1 specimen, station 4131. ) If the furrow armature 
is represented graphically by a common fraction, the numerator standing for the aboral spinelet, and 
the denominator for the adoral spinelet of each plate, the typical formula would be $ . If the ray K- 
represented by a line, the base at the left, then the proportion of plates with each type of armature 
to the whole ray in the different varieties will be about as follows: 

Type: 
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Lateral spines are not nearly so prominent as in the preceding species. They begin at about 
seventh adambulacral plate and are articulated to a lateral plate at the end of each primary annular 
ridge. At the base of ray the spines are about 3 to 4 mm. long; in mid-genital region 6 to 7 mm., and 
on outer third of ray 4 to 5 mm., being here slightly longer than the actinal adambulacral spinules. 
In variations a and b the lateral spines are longer than in the type, but only slightly. Lateral spines 
membrane-covered and beset with minute pedicel lariae. 

Actinostome rather large, 9 mm. in diameter. Mouth plates fairly prominent, not deeply excavated 
toward furrow, nor is there a prolongation of the inner furrow corner of plate as is usual in this genus. 
Each plate has a slightly curved edge toward actinostome, and rises gently toward medium suture, 
which is conspicuous. Armature as follows: (1) A marginal series of 3 short spinelets on edge toward 
actinostome. These spinelets are 1.5 mm. long, and the lateralmost is directed across mouth of furrow. 
If a line is drawn from outer furrow corner to inner suture corner of each plate, it would pass (usually) 
through the bases of 3 spinelets which stand on the actinal surface, the outermost on the very edge of 
plate and often directed across the furrow. The innermost of the series stands in center of plate and 
is stoutest but scarcely longer than marginal spinelets. Median spine of this group, which occasionally 
stands on the slightly excavated furrow margin, is slender and longer. All spinelets have an exceed- 
ingly delicate membraneous sheath, beset with comparatively few pedicellarise. In variation a the 
actinal spinelets form a more transverse than diagonal series. 

Madreporic body of fair size, subtubercular, being much larger than interradial plate, just adcen- 
trally to which it is situated. Striations coarse, irregular. 

Color in life, coral red to light salmon pink. 

Localities: Type (no. 21194, U. S. National Museum) taken from station 3824, south coast of 
Molokai Island, 222-498 fathoms, coral rocks, broken shells; bottom temperature, 49.5-41.5°. Typical 
specimens also from the following localities: Stations 3865, 3910, 3920, 4090, 4166. 

Record of localities. 



Station. 



Locality. 



3817 South coast of Oahu 

3805 Northeast approach to Pallolo channel, between Maui and 

Molokai. 

3892 North coast of Molokai 

3910 South coast of Oahu 

3914 do 

3920 do 

4041 West coast of Hawaii 

4090 Northeast approach to Pallolo channel 

•40J1 do 

4096 do 

4131 Vicinity of Kauai 

416 i Vicinity of Bird Island 



Depth. 


Nature of bottom. 


Fathoms. 




320 


Coarse lava, coral sand, shells. 


256-288 


Fine volcanic sand, rocks. 


328-414 


Fine gray sand. 


311-337 


Fine gray sand and mud. 


289-292 


Gray sand and mud. 


280-265 


Gray sand, broken shells. 


382-253 


Gray mud, foraminifera. 


304-308 


Fine gray sand. 


308-306 


Do. 


272-286 


Do. 


309-257 


Do. 


293 


Coral sand, rocks, foraminifera. 



This is the commonest Bruinga in Hawaiian waters, and seems quite distinct from any form 
heretofore described. It is related more or less closely to B. exilis Fisher from off the California coast. 
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EXPLANATION OF DESCRIPTIVE TERMS. 

The technical terms in starfish descriptions are rather numerous. On action! 
of the large number of new forms in the Hawaiian collections, it has been nece>>an 
to give rather thorough descriptions, more especially as certain of the specie* belong 
to new and often obscure genera. The following glossary is supplied for stu<k,t* 
unacquainted with starfishes: 

abactinal, pertaining to the dorsum or back, as opposed to actinal. 

abactinal area, usually used in speaking of the abactinal paxillar area of phanerozoniate specie?. 

actinal, ventral, used in speaking of the surface on which the mouth opens. 

actinal intermediate plates, plates paving the actinal surface, between the inferomarginal and adamlnu- 

cral plates. 
actinal interradial areas, actinal area of disk, paved with actinal intermediate plates. 
actinolateral membrane, membrane uniting the actinolateral spines. (PI. xl, fig. 1.) 
actinolateral spines, in the Pterastericbe the long spines articulated on the body-frame close to the a- bar 

bulacral plates which form the lateral or marginal web in Pteraster, and support the whole atiiij. 

floor in Hymenaster. See plate xl, figure 1. 
actinostome, the opening in the actinal skeleton bounded by the mouth plates and first adanibulam 

plates. 
adambulacral plates, plates bordering am bulacral furrow. 
ambulacra! furrow, the V-shaped furrow running the length of the rays, in which are the tulje-k? 

actinal in position. 
ambidacral plates, plates roofing the furrow. 
aperture papilLr, in the Pterasteridse, papilliform spines opposite the segmental apertures. ( PI. xx.u:r 

fig. 6, ap. p.) 
bivalred, see pedicel laria. 
excavate, see pedicellaria. 
fascioles or fasciolar grooves, grooves between special transverse ridges of the marginal plates, occurrirc 

over the suture between plates; usually bordered by specialized spinelets. (PI. iv, fig. 2. sfo*? 

several fascioles cleared of spines. ) 
foraminate, see pedicellaria. 
forcipiform, forficiform, see pedicellaria. 
furrow, the ambulacral furrow. 
furrow spines, used sometimes in referring to the spinelets on the furrow margin of the adambulai"^ 

plates. 
inferomarginal plates, the lower or ventral series of marginal plates, usually very prominent in all :!r 

Phanerozonia. 
interbrachial arc or angle, arc between 2 adjacent rays. 
madreporic body, the more or less prominent calcareous sieve marking the external owning «»: t.v 

water-vascular system, situated in an interradius of the abactinal area. 
marginal plates, the more or less prominent plates defining the contour of the body in the Phaneiwi u 

usually discernible in other orders. 
mouth plates, the modified innermost adambulacral plates. 
osculum or oscular orifice, the large central opening guarded by valves in the supradorsal membrai* "•' 

the Pterasteridae. 
jtajmhv, the small vermiform, or occasionally compound, dermal branchiae which protrude thrvui'! 

holes in the skeleton. 
papular, j>ertaining to pupuhe. 
papularinm, specialized papular area of Pontasterime. 
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pajcUlst, or more correctly paxiUi, columnar or hour-glass-shaped ossicles, with more or less flaring 
bases which bear at the summit a group of spinelets, usually small. Of these the marginal series 
is usually different from the rest, and divergent, so as to cover the intervening spaces between the 
pax ilke. These grade into uniformly granulated plates by many transitional forms, (See PI. in, 
fig. 3a, 3d. > 

ftfdiceUaria, the curious little pincer-like structure occurring in great numbers on some species of star- 
fishes. In some families they are apparently absent. They may be classified as follows: 

a. Sessile: without a special basal piece. 

1. Incipient or pseudo-pedirellaria?. The jaws do riot spring from a specialized depression or 

foramen, 
la. Simply a group of opposable spinelets; spini/orm. ( PI. u, fig. 4, ped. ; PI. ix, fig. la. ) 
lb. The spinelets more or less specialized, and on separate plates, arranged in little combs; 

pectinate. ( PL x, fig. 3. ) 
lr. With 2 or 3 specialized jaws. ( e. g. Luidia, PL xvi, fig. 1. ) 

2. Tong-shaped or alveolar pedicel larue. The jaws spring from a specialized ^it or foramen. 
2a. The jaws have no specialized depressions into which they fit when opened. The jaws 

are higher than wide, usually spatulate (pi. xvi, figs. 3, 4, 4a; pi. xxvi, fig. lb); 

foraminale. 
26. The jaws are low and wide, with no specialized depression into which they fit when 

opened. Pedicellarue are mere slits, or resemble a miniature bivalved shell (pi. 

xxvi, fig. 5; pi. xxvii, fig. 2a; pi. xxxni, fig. 1); biralred. 
2c. The jaws, when opened, fit into a specialized depression (pi. xxvu, fig. 1; pL xxxi, figs. 

2a, 4a, 4b) ; excavate. 

b. Pedunculate. Each pedicellaria consists of a basal piece and 2 jaws. 

3. The jaws are attached to end of the basal piece nearest them, i. e., the jaws do not cross 

near the base (pi. xli, fig. 2); forficiform or "Mraigkt." 

4. The 2 jaws cross one another. (PL xli, figs. 3b, 4b; pis. xlvii, xlvhi); forcipiform or 

"crossed." 

peristomial membrane, the membrane surrounding the mouth. 

R or major radius, the distance from center of disk to tip of ray. 

r or minor radius, the corresponding interred ial dimension. 

tegmental aperture in Pterasterida?, small aperture at base of each actinolateral spine and at outer edge 
of adambulacral plate leading from nidamental cavity to exterior; guarded by the aperture 
papilla, q. v. (PL xxxviii, fig. 6.) 

n j tines, spinules, spinelets, relative terms purely; the spines being the largest, providing any conspicuous 
spinous appendages are present. 

spiracula, small openings in the supradorsal membrane of Pterasteridre. (PL xl, fig. 2.) 

stiperambulacral plates, especially well-developed in the Astropectinida?, are small internal ossicles 
extending from the ambulacral plates to the corresponding inferomarginal, or sometimes to the 
intermediate plates when the actinal intermediate areas are extensive. (PL n, fig. 5f, sa. ) 

supermarginal plates, the upper or dorsal series of marginal plates defining the contour of the abactinal 
surface in most Phanerozonia. 

supradorsal membrane, "the veil-like covering or external independent tissue whereby the dorsal 
nidamental cavity is formed in the Pterasteridae. The membrane is supported above the true 
abactinal surface of the animal by the paxillse, which consist of a long columnar pedicel surmounted 
by a crown of fine, more or less elongate spinelets. In the majority of forms belonging to this 
family, fine muscular fibrous bands extend between the tips of the spinelets and constitute a more 
or less regular fibrous network; and the general tissue of the supradorsal membrane which fills 
in the interspaces or meshes, is usually perforated by small contractile pores styled spiracula by 
Sara." Sladen. 

terminal or ocular plate, the unpaired plate at the tip of the ray. 

F.C.B.1903,Pt.3— 23 
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EXPLANATION OF PLATES. 

(Except where Indicated otherwise, all drawings and photograph* were made by the writer.) 

PLATE I. 

Attropecten polyacanihtu, abactinal view; enlarged to slightly over 2 diameters. 
Attropecten velitaris, abactinal view; enlarged to about 1} diameters. 
Attropecten pusiUulvt, abactinal view, X2. 
Attropecten Henophorut, abactinal view, X2. 



Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. Same, actinal view. 



PLATE II. 



s 



Fig. 1. Attropecten polyacanthus. Fifth inferomarginal plate and neighboring adambulacral plates. 
The upper adambulacral plate is devoid of spines, while in the lowermost (adoral) the fur- 
row spines are standing perpendicularly. X8. la- Attropecten polyacanthvt. Two paiill*- 
from the base of ray, X20. 1ft. Pax ilia from ray, about halfway to tip, X20. 

Fig. 2. Attropecten relitaris. Fifth inferomarginal plate and neighboring adambulacral plate*, > 1". 
2a. Paxilhe from base of ray, X20. 

Fig. 3. Attropecten ctenophorut. First 3 inferomarginal plates and neighboring adambulacral plate. 
X10. 3a. Paxilhe from near center of disk, X20. 36. Second, third, and fourth supero-aipl 
inferomarginal plates seen from the side, X 10. 3c. Tenth adambulacral plate, X 10. U 
Mouth plates; the first adambulacral shown on the right, X 15. 

Fig. 4. Attropecten pusillultis. Third, fourth, and fifth inferomarginal plates and adjacent adambula- 
cral plates, a 1 , first actinal series of adambulacral spine lets; a 1 , second series*; jxd., pediir • 
larian apparatus, XlO. 4a. Mouth plates, X 10. 4ft. Paxilhe from disk near border of inter- 
radial area, X20. 

Fig. 5. Attropecten productut. Sixteenth to eighteenth superomarginal plates, and abactinal end <i 
inferomarginals, showing the large lateral spines, X5; tup., superomarginal plates, u 
Paxilhe near base of ray, X 10. 56. Side view of a paxilla from base of ray, XlO. he. Adam- 
bulacral plates from near proximal end of furrow, X8; mar., inferomarginal plate. U 
Median furrow spine, X8. 5c. Mouth plates, X4. 5/. Cross section taken at about the 
middle of ray to show better the relation of plates, aft., abactinal integument; ad., adsm- 
bulacral plate; am., ambulacral plate; inf., inferomarginal plate; tup., superomarginal plate 
8a., superam bulacral ossicle. 

PLATE III. 

Fig. 1. Ctenophoratter havmiensit! Adambulacral plates, actinal intermediate plates, and lower end d 
sixth inferomarginal, X8; int. pi, intermediate plate; inf., sixth inferomarginal TheFpin* 
have been removed from the median adambulacral plate, la. Eighteenth and nineteenth 
superomarginals, from above, to show the lateral spines on upper end of the inferoniarginak 
X8. 16. Tip of an inferomarginal spine, much enlarged, lc. Diagram of an inferomargina! 
plate. The circles represent the articulation surface for spines. Id. Paxillse, about midway 
between median radial line and edge of paxillar area, from near base of ray, XlO. 1* 
Median spine of furrow series (adambulacral), X8. 

Fig. 2. Prilaxteropti* cingulata. Madreporic body and neighboring paxillse, XlO. 2a. Adambulacral 
plates and inferomarginal plates near t*ase of ray, X7. 2ft. Paxilhe, edge of interradial 
area, XlO. 

Fig. 3. Pzdatter atlenuatat. Adambulacral and inferomarginal plates, X5. 3a. Paxilla? fromalarcr 
specimen, bass of ray, XlO. 3ft. Paxillte from base of ray, showing usual position of spine- 
lets, XlO. 3r. Paxillw from a form with broader ra)'s, base of ray, XlO. 3o\ A single j*i- 
ilia, from the side; large specimen, XlO. 
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PLATE IV. 

Fig. 1. Astropecten productus. Abactinal view of one arm and parte of three others, slightly less than 

natural size. 
Fig. 2. Same. Actinal view of base of ray, showing mouth plates and inferomarginal armature. The 

spines have been removed from a few inferomarginal plates to show their shape, and the 

fasciolar grooves, nearly X2. 
Fig. 3. Same. Abactinal view, showing lateral inferomarginal spines, nearly X2. 

PLATE V. 

Fi :. 1. OenophoraMer hawaiiensis. Abactinal surface. Natural size. 
Fi^j. 2. Same. Actinal surface. 

PLATE VI. 

Fig. 1. Ctenoplwraster hawaiientis. A portion of disk and base of rays enlarged to a trifle over 2 

diameters. 
Fig. 2. Same. Actinal view. The actinal intermediate plates are cleared of spinelets in one interradius. 

PLATE VII. 

Fig. 1. Psilastcroptis cingulata. Side view of an arm, enlarged nearly 2 diameters. 

Fig. 2. Same. Two immature individuals, slightly larger than natural size. 

Fig. 3. Same. Abactinal view of adult, slightly larger than natural size. 

Fig. 4. PsUaster attenuatus, slightly larger than natural size. 

PLATE VIII. 

Fig. 1. Psilaster attenuatus. Mouth plates and actinal intermediate areas, enlarged to slightly less than 

2 diameters. 
Fig. 2. Pxilaxteropsis cingulata. Actinal view, enlarged to slightly less than 2 diameters. 
Fig. 3. Astropectm callUtus. Actinal view, enlarged to slightly less than 2 diameters. 
Fig. 4. Tritonagter craspedotus. Actinal view, enlarged to slightly less than 2 diameters. 

PLATE IX. 

Fig. 1. Tritonaster craspedotus. Twelfth to fourteenth marginal plates showing the prominence of the 
inferomarginal series with their long spines, X8. 1«. Fourth and fifth inferomarginal 
plates and adjacent adambulacrals, X 10. A pedicellarian apparatus is shown on one plate 
otherwise cleared of actinal spines; int. intermediate plates. 16. Pax i lite from abactinal 
interradial area, X20. lc. Side view of a larger interradial abactinal paxilla, X20. 1</. 
Paxilla from radial line, middle of ray, X20. 1*. Mouth plates, side view, showing par- 
ticularly position of marginal spines, X6. If. Adambulacral plate, middle of ray, 
opposite eleventh inferomarginal, XlO. lg. Mouth plates, actinal aspect, X8. Ih. Mar- 
ginal plates of outer half of ray, viewed directly from above, to show prominence of infero- 
marginals; X2. All covering has been removed, li. Enlargement of a couple of plates, 
X8. 1/. Marginal plates from side, showing relative height of the 2 series; mp., suj^ro- 
marginals. lib. Medium spine of adambulacral furrow series, XlO. 

Fig. 2. Palagiaster nuttingi. Ninth and tenth adambulacral and fifth and sixth superomarginal 
plates, XlO. Intermediate plates (int.) are shown between the two. 2a. Paxil he from base 
of ray, XlO. 

Fig. 3. Dipsacaster nesiotes. Paxilbe from base of ray showing also the prominent ]>apu1ar pores, 
XlO. 3a. Side view of a paxilla from the abactinal interradial area, X15. 

Fig. 4. Astrapecten calliMu*. Ninth and tenth adambulacral plates and adjacent inferomarginals, X 10. 
The actinal intermediate plates are seen between the two. 4a. Mouth plates, X8. 4/>. 
PaxilUe from base of ray, at side, XlO. Ac. Paxilla from another individual, XlO. 4<l. 
Some of its spinelets enlarged. 



1124 



Bl'LLETIX OF THE UNITED STATES FISH COMMISSION. 



5 



PLATE X. 

Fig. 1. Pmladeroptis cingulcla. Actinal view, Xl.3. Drawn by H. R. Johnson. 

Fig. 2. I>ijj$acarter nc*inU*. Abactinal view, X 1 .3. 2a. Fourth and fifth adambulacral plate* .. . 

one intermediate plate, XH. From oue plate the inner actinal series of spin«-lt^ ;_- 

been removed. Drawn by H. R. Johnson. 2b. One of the furrow spines seen frnnitb*- *. 
Fig. 3. Cheirarter snydrri. Mouth plate, first 3 adambulacrals, actinal intermediate plates, an«i »:.. - 

edge of first 3 inferomarginalt*, showing particularly the peculiar pedicellaria? chara« ti-r.-- 

of the genus, XH. 
Fig. 4. ClttiraMter iuops. Sixth inferoinarginal plate and 2 adjacent adambulacral platen s 10. 
Fig. 5. Cheirtuter horHdus. Third and fourth inferomarginal plates and adjacent adanibulac-rai*. • * 

5a. Abactinal surface, radial line, near center of disk, X 10. 
Fig. 6. Pseudarcharter myof/rarhius. Fourth inferomarginal plate and adjacent adambulacral j»...*~ 

X8. 6a. Radial and ad radial paxiltae near center of disk, X 10. 
Fig. 7. Pteudarchaster jordani. Fourth and fifth adambulacral plates and adjacent actinal intern - 

diate plates, X8. 7a. Radial pax ill*, XlO. 

PLATE XL 

Fig. 1. Tritonaster craspedotus. Abactinal view, X2. 
Fig. 2. Adropecttn caUistus. Abactinal view, X2. 

PLATE XII. 

Fig. 1. Diptacarter nesiotes. Actinal view, nearly twice natural size. 
Fig. 2. Same. Basal portion of arm and }>art of disk, nearly X2. 
Fig. 3. Patagiatter nuttingi. Actinal view, about Xl.5. 

PLATE XIII, 

Fig. 1. Luidia hystrix, about five-sixths natural size. 
Fig. 2. Same, young, Xl.3. 

PLATE XIV. 

Fig. 1. Luidia hystrix, portion of disk and basal part of arms enlarged to 1.75 diameters; abactinal vie*. 
Fig. 2. Same, actinal surface, X1.75. 

PLATE XV. 

Fig. 1. Luidia magnifica. Portion of abactinal surface of arm enlarged to nearly 2 diameters. 

Fig. 2. Same. Abactinal view, slightly less than one-half natural size. 

Fig. 3. Same. Actinal surface of ray near disk. Enlarged to nearly 2 diameters. 

PLATE XVI. 

Fig. 1. Luidia magnifica. Adambulacral, intermediate, and inferomarginal plates from proxinwl 

fourth of ray, X5. A second adambulacral and adjacent intermediate plates are shonu. 

ap. } outer adambulacral pedicellaria; ip., intermediate pedicellaria; inf. p., inferomarxina; 

pedicellaria. la. Paxillie from near l>ase of ray, from the 2 inner regular series, XlO. TV 

median radial line is to the left and the spines i>oint aborad. Peculiar compound papula -rv 

shown in upper left corner, the circle indicating where the pedicels of the paxilUv hw 

been broken off. 
Fig. 2. Luidia hystrLv. Adambulacral plates in basal fourth of ray, X8. Top of figure is alunvi. 

2a. Paxillie from near base of ray, from inner regular row but one, XlO. 
Fig. 3. yft'diartcr ornatu*. Adambulacral and adjacent actinal intermediate plates, XlO. 3«. PaxilLi 

from specimen having prominent abactinal pedicellaria*, XlO. 36. Paxilhe, radial an-1 

adradial from near bane of ray; type, XlO. 
Fig. 4. Xereidarter Inner*!. Adambulacral and adjacent actinal intermediate plates, near ba«? of ra\, 

showing actinal pedicel lariie, XH. 4a. Radial paxilla, abactinal, X8. 
Fig. 5. Pentagimnrter ammophilu*. Radial plates, X 8. 5a. Adambulacral plates, XlO. 
Fig. ft. Toaia {Plinthanter) cemmmdcd. Adambulacral plates, XlO. 6a. Radial and adradial plates. 

abactinal, near center of disk, XlO. 
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PLATE XVII. 

Fig. 1. Patagiaster nuttingi. Abactinal surface, slightly less than twice natural size. 
Fig. 2. Cheiraster inops. Do. 
Fig. 3. Cheiraster horridus. Do. 

Fig. 4. Nereidaster bowersi. Abactinal view of ray and a little of interradial portion of dink. 
Enlarged slightly less than 2 diameters. 

PLATE XVIII. 

Fig. 1. Cheiraster snyderi. Abactinal view of type, slightly less than X2. 
Fig. 2. Cheiraster horridus. Actinal view, slightly lees than X2. 
Fig. 3. Cheiraster snyderi. Actinal view, slightly less than X2. 

PLATE XIX. 

Fig. 1. Pseudarchaster myobrachius. Abactinal surface, X 1.66. la. Actinal surface, X 1.66. 16. Same, 

young. Abactinal surface, Xl.8. lr. Same. Actinal view, Xl.8. 
Fig. 2. Pseudarchaster jordani. Actinal view, Xl.5. 2a. Abactinal view, Xl.33. 
Fig. 3. Goniodiscides sebx. Portion of abactinal surface to show papular areas, Xl.33. 

PLATE XX. 

Fig. 1. Mediaster ornatus. Abactinal view, slightly less than X2. 
Fig. 2. Same. Actinal view, Xl.7. 

Fig. 3. Antheniaster epixanthus. Portion of actinal surface enlarged about twice to show mouth plates 
and adambulacral armature. Typical form. 

PLATE XXI. 

Fig. 1. Xereidaster bowersi. Actinal view; enlarged about Xl.7. 
Fig. 2. Tosia (Ceramaster) micropelta. Actinal view, Xl.85. 

PLATE XXII. 

Fig. 1. Pentagonaster ammophUus. Abactinal aspect, nearly Xl.5. 

Fig. 2. Same. Actinal view. 

Fig. 3. Tosia (Plinthaster) ceramoidea. Actinal view, slightly larger than natural size. 

Fig. 4. Same. Abactinal aspect. 

PLATE XXIII. 

Fig. 1. Astroceramus callimorphus. Abactinal view, Xl.l. 

Fig. 2. Same. Portion of abactinal surface enlarged to about 2 diameters. 

Fig. 3. Same. Portion of abactinal surface enlarged. The granuliform appearance of the abactinal 
plates is due to a bead-like roughness of the plates themselves, not to deciduous granules; but 
granules surround each plate, and are present on the general surface of the marginal plates. 

PLATE XXIV. 

Fig. 1. Calliderma speclabilis. Abactinal aspect of a medium-sized individual, about natural size. 

Fig. 2. Same. Actinal surface. 

Fig. 3. Zoroaster spinuiosus: Abactinal view, about natural size. 

PLATE XXV. 

Fig. 1. Calliderma spectabilis. Portion of abactinal surface of same specimen as plate xxiv, figure 

1, X1.83. 
Fig. 2. Same. Portion of abactinal surface at base of ray, showing adambulacral and actinal spines; 

type, about Xl.8. 
Fig. 3. Same. Region of the actinoetome; type, about Xl.8. 
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Fig. 2. 

Fig. 3. 
Fig. 4. 

Fig. 5. 



Fig. 1. 



PLATE XXVI. 

Antheniaater epixanthus. Abaetinal aspect of type, natural size. la. Adambulacral plate fr»n 
proximal portion of series, showing the heavy membrane as it appears in life, the grair.k- 
beneath being nearly obscured; type, X8. 16. A dried specimen to show appearand aiv 
the membrane has shrunken, X8. This specimen is one of the long-armed form- jr.. 
possesses a pedicellaria at the adoral side of a number of the plates. (See pi. xxix, tie. :' 
If. Radial and either adradial row of plates, obscured by integument, about one-thri 
distance from center of disk to tip of ray, X5. 

Asterodiscus tubercxdosus. Adambulacral plates. Drawn by O. E. Hyde. 
2a. Dorsal tubercles enlarged. Drawn by 0. E. Hyde. 

Calliderma spectalnlis. Seventh and eighth adambulacral plates, X5. 

Tosia (Ceramasler) micropdta. Adambulacral plates, XlO. Drawn by O. E. Hyde. 4a. Ra-lLu 
abaetinal plates, X12. Drawn by 0. E. Hyde. 

Ecoplosoma forcipifera. Mouth and first 3 adambulacral plates, X7. 5a. Inner mouth f>pii> 
X7. 56, 5c. Spines from actinal surface of adambulacral plates, X7. 

PLATE XXVII. 



Calliaster pedicellaris. Adambulacral plate and adjacent actinal intermediate plates in proximo 
third of series, showing an open and a closed pedicellaria, X8. 

Fig. 2. Gilbertaster anacanthus. Abaetinal view, X2. (The outlines of disk inclose fig. 26. ) Dra».i 
by H. R. Johnson. 2a. Three adambulacral plates (about one-third R in position), shov- 
ing one of the large bivalved pedicellaria? on the furrow margin. 26. Abaetinal plates shor- 
ing the pedicellariee and flat granules or ossicles by which the plates are covered, >. 7. /.. 
papulae. 2c. An actinal interred ial area to show pedicellaria?, granules, furrow margin, az.i 
mouth plates. Drawn by H. R. Johnson. 

Fig. 3. Astroceramus callimorphus. Two adambulacral plates and one actinal intermediate plate, tht 
latter bearing a pedicellaria, X8. 

Fig. 4. Eroplosoma forcipifera. Abaetinal view, XL 33. (The outlines of disk inclose fig. 46.) Prawn 
by H. R. Johnson. 4a. Madreporic body and adjacent plates as they are in life, showing 
tubercles, vermiform papula?, and the granules covered with a soft membraneous sheath; 
Xo. An abaetinal pedicellaria is also shown. 46. Side view of abaetinal spines, X5. 

PLATE XXVIII. 

Fig. 1. Calliaster pedicellaria. Portion of abaetinal surface, Xl.8. 

Fig. 2. Same. Actinal surface, XL 8. 

Fig. 3. Astercdiscua tufjerculosus. Side view of ray to show the 2 series of marginal plates, XL& 

PLATE XXIX. 

Fig. 1. Antheniaater epixanthus. Loi^ rayed form, abaetinal surface of a dried specimen, Xl.35. 

Fig. 2. Same. Actinal surface, XL 35. 

Fig. 3. Eroplosoma forcipifera. Actinal surface after specimen had been dried, XL83. 

tig. 4. Linckia diplax. Actinal view of disk and adjacent portion of rays, XL83. 

PLATE XXX. 

Fig. 1. Leiaster callipeplua. Abaetinal view, slight*, more than Xl.7. la. Same. Skin removal t«» 
show arrangement of plates. Portion of ray has been opened along dorsal line and apw'- 
out. 

Fig. 2. Ophidiaster rhabdotm. Abaetinal view, slightly larger than natural size. 

Fig. 3. Ophidiaster triaeriatua. Abaetinal view, about X4.2. Photo by N. H. Kent. 

Fig. 4. Ophidiaster scleroderma*. Abaetinal view, slightly larger than natural size. 4a. ActinaUwf* r 
showing extensive actinal intermediate areas. 

^ PLATE XXXI. 

Fig. 1. Calliaster pedicellaris. Abaetinal view, natural size. Drawn by H. R. Johnson. 
j„Fig. 2. Ophid\aster sclerodermic. Actinal surface showing furrow spines and position of pedicellarL* 
* 2aJ[i!/i 'jftixttrellaria from the abaetinal surface, much enlarged. 
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Fig. 3. Leiaster calliptplus. Furrow armature, viewed from furrow. 

Fig. 4. OphidiaMer lorioiL Abactinal surface showing adradial plates and position of pedicellaria?, 
XlO. 4<i. One of the abactinal pedicellarirc. 46. Same, the jaw? Iteing closed to show the 
special depressions for jaws and slight fluting on outer face of latter. 4c. Furrow margin and 
actinal series of papular pores, X 10. 4d. Furrow spinelets as s»een from furrow, showing 
accessory granules, about X20. The right is toward mouth. 

Fig. 5. OphidiaMer teiielln.*. Radial plates, X8. oa. Furrow margin in the proximal third of the 
ray, XlO. 

Fig. 6. OphidiaMer »ptameus. Radial and either ad radial series of plates, X 10. <*i. Furrow margin 
and actinal surface, the plates below the papular pores being inferomarginal, XlO. 6/>. Fur- 
row spinelets viewed from furrow, X20. Mouth is toward the right, accessory granules 
are shown between the spinelets. 

Fig. 7. OphidiaMer triteriatus. Furrow spines, XlO. 7b. Abactinal pedicel laria. 

Fig. 8. OphidiaMer rha/tdotu*. Furrow spines. 

Fig. 9. Linckia dipku: Furrow spines viewed from furrow; mouth is toward left. 

PLATE XXXII. 

Fig. 1. Petrtacrn* hatraiiensi*. Abactinal view of type. Reduced to about 0.7 natural size. 

Fig. 2. Same. Young specimen showing the incipient lophial spines and the lack of other spines, 

about X0.7. 
Fig. 3. Same. View of furrow margin of a large specimen showing a triplicanthid armature to adam- 

bulacral plates; 2 and 3, second and third series; (first and second actinal series). 
Fig. 4. A*terodi*cu9 titherattom*. Abactinal aspect of a young specimen, XI. 8. 
Fig. 5. Same. Actinal surface, Xl.8. 

PLATE XXXIII. 

Fig. 1. Pentaceros hatraiieti***. Portion of actinal surface of type, enlarged. 

Fi;j. 2. AMerodi*nu Udxradosu*. A ray and portion of disk of the type enlarged, showing madreporic 
body and form of tubercles, Xl.83. 

PLATE XXXIV. 

Fig. 1. AMerodi*cu* Udxradom*. Abactinal view of type, three-fourths natural size. 
Fig. 2. Same. Portion ot actinal surface of type, Xl.83. 

Fig. 3. Pentacero* hairaiientti. "Apical region " of type, enlarged. The anal opening is seen near the 
center, and the madreporic body in th^ lower left-hand corner. 

PLATE XXXV. 

Fig. 1. Henricia ntbuMa. Actinal view of type, enlarged about 1.6 diameters. 
Fig. 2. Same. Abactinal aspect. 

Fig. 3. Henricia pauperrima. Actinal view of type, enlarged about 1.6 diameters. 
Fig. 4. Same. Abactinal aspect. 

PLATE XXXVI. 

Fi/. 1. Mithrmlia hradleyi. AWtinal view; slightly over 0.7 natural size. 
Fig. 2. Same. Abactinal surface of one arm enlarged about X 1.8. 

PLATE XXXVII. 

Fig. 1. Mithrodia hradleyi. Actinal surface, Xl.83. 

Fig. 2. Mithrodia. Actinal surface of a ray of a peculiar specimen, possibly a freak, Xl.83. 
Fig. 3. Same. Aliactinal surface of same specimen. Compare with pi. xxxvi, fig. 2. 
Fig. 4. OphidiaMer sfpiameits. Abactinal view, enlarged about 4.6 diameters. Photo by X. H. 
Kent 
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PLATE XXXVIII. 

Fig. 1. Anseropoda insignis. Fourth to eighth adambulacral plates and adjacent actinal intermedin 

plates, X8. The actinal adambulacral spinelets (ad. 2) are shown in 2 different position-. 

the upper being the more usual. The fans of the actinal plates are just to the left of tht**. 

ad. 1., furrow spinelets. la. Abactinal plates, interradial, about 30 mm. from edgeof dwk, 

and from radial line. 
Fig. 2. ITenricia robnsta. Adambulacral plates, XlO. 2a. Abactinal surfaces, middle of arm. xlO. 
Fig. 3. Henricia paiiperrima. Abactinal surface near base of ray, X20. 3a. Seventh and eighth a-1 

ambulacral plates Been from furrow, showing the 2 furrow spinelets, X12. 
Fig. 4. Valvatter sirloins. Adambulacral plates, near base of R, XlO. 4a. Marginal plates view*-! 

from the side, showing the very large supermarginal pedicellarue, and inferomarginal -pint-. 

XlO. 
Fig. 5. Pterasier reticulatus. Adambulacral spines, X5. ap. p. t aperture papilla, 5«. Supnidnra; 

membrane near center of disk. 
Fig. 6. Hymenaster peniagonalis. Adambulacral plates, X8. ap. p., aperture papilla. | 6a. Month 

plates, X3. Ist.ap., first aperture papilla, imbedded in acti no lateral membrane. M. An 

actinal mouth spine from cotype. 
Fig. 7. Benihaster eritimus. PaxilUe much enlarged, and seen from side to show height of iiedicete and 

general surface of supradorsal membrane (dotted line) . 



Fig. 
Fig. 
Fig. 



Fig. 



PLATE XXXIX. 

1. Pterasier reticulatvs. Actinal surface of type, enlarged about 1.8 diameters. 

2. Same. Abactinal surface, slightly larger than natural size. 

3. Ophiduister lorioli. Abactinal surface of type, enlarged about 2.7 diameters. 

Kent. 

PLATE XL. 



Photo bv N. H. 



1. Bentfiaster eritimus. Actinal surface (interradial), showing actinolateral spines, menihraue. 
adambulacral plates and armature, and the mouth plates, XlO. The first aperture papilla i- 
multifid and is lodged in the actinolateral membrane; the rest are free and lanceolate- 
acuminate. The circular bodies showing through the actinolateral membrane are the large 
hi- or tri-lobed, fleshy glandular papula?. A number of the adambulacral plates have the 
furrow spinelets removed, la. A portion of supradorsal membrane much magnified, to *h«»w 
spiracula, muscle fibers, and spines. 16. Abactinal aspect of entire animal, X3. Thepupra- 
dorsal membrane is broken open in places. 

Fig. 2. Hymenaster peniagonalis. Small portion of Bupradorsai membrane near radial line showic* 
spiracula and papilla?, X8. 

Fig. 3. Asthenactis papyraceus. Plates of side of ray in a dry specimen, a few of the dorsal plate 
showing above, X8. The fascicles of spinelets have been removed from most of the p.ates. 
and the integument has entirely dried up. In life the plates are not superficially visible. 
3a. Actinal surface showing one interradius, adambulacral and mouth plates, and the 
incipient actinolateral membrane, enlarged alxmt 5.5 times. 1, 2, 3, first to third atlaniho- 
lacral plates. 4s. Spines on the fourth adambulacral plate. 3s 7 . Spines on process of third 
plate, but forming a single series with those of fourth (4*). 2s 7 . Similar spines on prwe>- 

of second plate. 

PLATE XLI. 

Fig. 1. Hymenaster peniagonalis. Abactinal view of cotype, X0.75. 

Fig. 2. Zoroaster spintdosus. Adambulacral plates, X 10. 

Fig. 3. Hydrasterias verrilli. Actinal surface, showing furrow margin and actinal spines, X&. to- 
Radial and either adradial series of plates in a dried specimen, X6. 36. Abactinal pedi- 
cellaria. 

Fig. 4. Coscinaxterias ( DiMolasterias) euplecta. Furrow margin and actinal spines, X8. 4<i. Furrow 
spines seen from furrow, X8. 46. Abactinal pedicellariae, X35. 4c. Teeth of same. 
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PLATE XLII. 

Fig. 1. Coscinasterias (Distolasterias) euplecta. Actinal view of an arm and disk. Type; enlarged nearly 

2 diameters. 
Fig. 2. Same. Abactinal aspect. 
Fig. 3. Same. Young specimen, Xl.83. 
* Fig. 4. Same. View of side of arm of a prepared specimen to show arrangement of plates, Xl.83. 
Fig. 5. Zoroaster spinulosus. Actinal aspect of type, Xl.83. 
Fig. 6. Same. View of side of ray to show spinules and radial tubercles, Xl.83. 

PLATE XL1II. 

Fig. 1. Odinia pacifica. Abactinal view, slightly less than natural size. 

Fig. 2. Brisinga evermanni. Abactinal surface of an arm which has been partially dried, about Xl.8. 

Fig. 3. Brisinga panopla. Abactinal aspect of genital region of a ray, X 1.8. 

PLATE XLIV. 
Fig. 1. Brisinga panopla, slightly reduced. 

PLATE XLV. 
Fig. 1. Brisinga alberti, slightly reduced. 

Fig. 2. Same. View of side of a portion of an arm, enlarged about 1.8 diameters. 
Fig. 3. Brisinga panopla. Portion of ray, side view, to show particularly the actinal adambulacra) spines 

and costal spinelets, Xl.83. 
Figi 4. Brisinga evermanni. Actinal surface of ray. Tube feet have been removed, Xl.83. 

PLATE XLVI. 

Fig. 1. Brisinga fragilis. Disk and 3 rays. The disk and upper ray belong to "variation a." The 

lowest ray is the typical form, while the middle belongs to "variation d," in which the 

secondary costce, only slightly developed in the typical form, extend across the abactinal 

surface, but do not fuse with the lateral plates. Enlarged about 1.7 diameters. 

Fig. 2. Brisinga alberti. Actinal surface enlarged, showing the curious actinal adambulacral spines near 

disk, Xl.83. 
Fig. 3. Same. Abactinal surface, Xl.83. 

PLATE XLVII. 

Fig. 1. Odinia pacifica. Side of a portion of ray, mid-genital region, showing actinal adambulacral 
and first lateral spines, X2. la. Same, from a dried specimen, X3. ad. s., adambulacral 
spines; ad., adambulacral plates; I. «., lateral spines; c. r. t costal ridge. 16. Side of ray, 
beyond middle, showing lateral spines, X3. lc. Mouth plates, X4. The lateral process on 
the right is fused with that of the other side of furrrow. Id. Pedicellaria from adambu- 
lacral spine. 

Fig. 2. Brisinga panopla. Side of ray, about 40 mm. from disk, or just beyond the club-shaped actinal 
spines, X3. Lateral spines, fore-shortened. 2a. Adambulacral plates about 40 mm. from 
disk, X4. Many of the spines are shown without pedicellarise. 26. Adambulacral plates 
at about 66 mm. from tip of arm, X4. 2c. Mouth plates, X5. ad. «., first adambulacral 
spines; am.f., am bulacral furrow; m. «., marginal spines; m. */, furrow spines of mouth plates; 
ms.", actinal spine; sac. , sacculus bearing pedicellarise (see 2d). 2d. One of the larger pedicel- 
lariaefroma large adambulacral spine. 2e. Twelfth adambulacral spine, X7. 2/. Seventh 
adambulacral spine, X7. 

Fig. 3. Brisinga evtnnanni. Side of ray, about 44 mm. from disk, X7. 

Fig. 4. Brisinga alberti. Side of ray, about 40 mm. from disk, X 3. 4a. Pedicellaria from adambu- 
lacral spine near base of ray. 
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